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Tue title of this lecture embodies three questions. One ‘is, what 
do we mean by metabolism; secondly, what is the manner in which 
the hormones influencé metabolism; and lastly, do the endocrine 
glands, by their various secretions, alter the activity of other 
glands which in turn must lead to deviations in the metabolic 
processes? 

It is obvious at the present time that any attempt to understand 
these questions fully is impossible. We are not only ignorant of 
the majority of the finer metabolic changes, but our knowledge of 
the essential activity of any hormone is very incomplete. Finally, 
when we attempt to explain the manner in which the activity of 
one endocrine gland influences that of another, we only too often 
find ourselves indulging our imagination under the guise of scientific 
truth. 

Nevertheless, I shall attempt to lay before vou certain phases of 
metabolism with which we know the glands of internal secretion to 
be particularly concerned, and to show how more recent work is 
beginning to give us some insight into the true nature of glandular 
interrelationships. 

Before proceeding to any discussion of these interrelationships 

* The Thirty-fifth Mary Scott Newbold Lecture of the College of Physicians, 
Philadelphia, delivered October 2, 1935. 
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it would be as well to refresh our memory on what we mean by 
metabolism. By this word we signify the sum total of chemical 
changes which occur in the organism. These changes involve not 
only oxidation and reduction, but also the synthesis and degradation 
of a large number of chemical compounds. 

The Metabolic Process Considered. \t will be impossible to discuss 
more than a few of these transformations and, furthermore, | intend 
to limit my remarks to certain changes involving proteins, fats 
and carbohydrates. The equally important mineral metabolism of 
the body will have to be largely neglected, partly owing to lack of 
time, but chiefly owing to the fact that our knowledge of these 
phases of metabolism is even more incomplete than it is in the 
case of the above substances. 

The most important metabolic changes involving the proteins, 
fats and carbohydrates are as follows: 

A. Carbohydrates of the food or derived from body stores are 
delivered to the tissues in the torm of glucose. 

B. Proteins, whether derived from food or mobilized from tissue 
reserves are converted into amino acids. About one-half of these 
amino acids are deaminated and converted into glucose in the liver. 
The remainder are also deaminated, but then probably follow the 
same metabolic pathway as the fatty acids. Finally, a certain 
amount of resvnthesis of body protein is also carried out from 
amino acids. 

C. The fats are split into fatty acids and glycerol. The latter 
substance is, we believe, converted into glucose, while the fatty 
acids are oxidized to CO, and HO. 

While it is not impossible that protein may be metabolized 
without following the path of glucose or fatty acids, for the purpose 
of our argument we will assume that this is unusual. 

This interconversion of foodstuffs is further completed by the 
fact that glucose may, under certain circumstances, be converted 
into fatty acids. The reverse change, the conversion of fat to 
carbohydrate, although postulated by some authorities, is at present 
not accepted by the majority of workers in this field. 

We have in this manner reduced our study of the metabolism 
of protein, fat and carbohydrate largely to a consideration of the 
production of glucose and its utilization, and to the metabolism of 
fatty acids. 

When a certain quantity of glucose, whatever its source, is pre- 
sented to the tissues, we know that two main transformations 
result: a, a certain portion is oxidized to CO, and H.O; 6, another 
portion is converted into glycogen. Part of this glycogen is stored 
in the liver while a somewhat larger portion appears in the muscles. 
The liver glycogen is usually held to be simply storage carbohydrate, 
but there is no doubt that the muscle glycogen is intimately con- 
cerned with contraction and follows a different metabolic pathway. 
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It should be noted that some workers have held the view that a 
preliminary transformation of glucose to glycogen is a necessary 
step in its oxidation. 

The manner in which the long carbon chains of the fatty acids 
are reduced to COQ, and H.O has been the subject of many brilliant 
researches by Knopp. This worker has evolved the following 
scheme: a, the beta carbon atom (/.¢., the second carbon atom 
from the carboxyl group) is the point at which oxidation occurs. 
This removes two carbon atoms from the chain. b, this successive 
lopping off of two carbon atoms finally results in a four-carbon 
ketoxy or hydroxy acid, /. ¢., acetoacetice acid or betahydroxy butyric 
acid. Further oxidation of these acids results in the formation of 
CO. and water. 

Now it is around this last stage of fat oxidation, that is of the 
acetone bodies, acetoacetic acid and betahydroxybutyric acid, that 
some of the most interesting work in metabolism has been done. 
Shatfer, from in e/tro experiments, concluded that for the complete 
oxidation of the acetone bodies a certain proportion of glucose 
oxidation is necessary. This has apparently been substantiated 
for the whole organism by many investigators, and in the hands 
of Woodyatt and others has formed the basis for the explanation 
of certain phenomena observed in pancreatic diabetes. 

The coupling up of the final stages of carbohydrate and fat metab- 
olism is one of the most interesting and difficult problems of metab- 
olism, particularly since more recent work has tended to cast some 
doubt upon the whole concept. 

We have very briefly outlined some of the major phases of the 
metabolism of protein, fat and carbohydrate and we now have to 
consider in what manner these changes are influenced or diverted 
by the various hormones. 

Hormones as Catalysts. The many chemical changes that occur 
during metabolism take place under practically isothermal condi- 
tions. This is rendered possible by the presence in the body of 
substances which may be grouped under the general term of 
catalysts. 

These biologic catalysts can be divided roughly into four groups: 

A. The digestive enzymes such as pepsin and trypsin. 

B. The intra- and extracellular enzymes and catalysts, such as 
arginase, phosphatase and glutathione. 

The vitamins. 

D. The hormones. 

In the case of the last two groups, the vitamins and hormones, 
it has not been definitely established that they bring about their 
effects by catalytic action, but nevertheless, in the case of ascorbic 
acid and insulin the evidence at present is highly suggestive that 
this is the manner in which they participate in the body economy. 
A further difference of these substances from those in the first 
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two groups is that they require the presence of intact, living cells 
for the demonstration of the activity. 

Without pressing the analogy between hormones and catalysts 
too far, it is my intention to outline the effects of certain hormones 
upon metabolic processes as though these chemical reactions were 
markedly accelerated or retarded by these substances in the manner 
in which well defined catalysts have been shown to influence other 
chemical changes. 

The Hormones Influencing Glucose and Fatty eid Metabolism. In 
investigating the function of any hormone three methods are usually 
followed: 

A. Study of the effects of complete deprivation by excision of 
the glands secreting the particular hormone. 

B. Study of the effects produced by replacement of the excised 
gland by a purified preparation of the hormone. 

C. Study of the effects produced in a normal animal by the 
injection of such a purified preparation. 

By the use of these methods the following hormones have been 
demonstrated to exert a marked influence on glucose and fatty 
acid metabolism. 

1. Epinephrin. .!. Removal of all adrenal medullary tissue ren- 
ders the animal sensitive to insulin, and unable to counteract suc- 
cessfully the effects of exposure to cold by an increased heat pro- 
duction. In addition many of the usual phenomena invoked by 
pain or emotion are absent. From our point of view, the most 
interesting effect is the failure of the blood sugar to increase under 
these conditions. 

B. An injection of epinephrin produces the following changes in 
carbohydrate metabolism: 1, The blood sugar rises and glycosuria 
may appear; 2, the blood lactic acid increases; 3}, the liver glycogen 
at first is decreased and then increased; 4, the muscle glycogen is 
converted into lactic acid which is carried to the liver and converted 
into glycogen. As a result the liver glycogen is finally increased 
above its initial level; 5, glucose utilization in the tissues is decreased. 

Thus under the influence of epinephrin a cycle of the formed 
carbohydrate elements of the body is established. In other words 
this hormone effects a redistribution of the carbohydrate of the 
body by increasing the rate of glycogenolysis both in muscle and 
liver. It is important to recognize that epinephrin does not stimu- 
late the formation of new carbohydrate from protein, nor can it 
produce a true diabetes mellitus in an intact animal. In this sense, 
epinephrin is not a contra-insulin or diabetogenic hormone. 

II. Thyroxin. .1. It is well known that total thyroidectomy 
results in a marked fall in oxygen consumption. It is not so well 
known that completely thyroidectomized animals exhibit but slight 
blood sugar responses to epinephrin injection. 
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B. The injection of thyroxin into normal animals produces a 
marked increase in oxygen consumption and a depletion of the 
body stores of glycogen. 

The effect of epinephrin upon the blood sugar of animals treated 
with thyroxin is dependent upon the liver glycogen stores. Thus, 
so long as liver glycogen is present epinephrin hyperglycemia is 
exaggerated. When, however, the liver glycogen has been depleted 
epinephrin has but little effect upon the blood sugar. This apparent 
interrelationship between the thyroid and adrenal medulla is there- 
fore largely determined by the quantity of liver glycogen present. 
It is probable, however, that one of the effects of thyroxin is to 
sensitize the sympathetic nerve endings so that minimal amounts of 
epinephrin produce very large effects. 

In a similar manner there is an apparent relationship between 
insulin and the thyroid hormone which upon examination is also 
more reasonably interpreted in terms of the liver glycogen content. 
Thus small doses of thyroid extract diminish the hypoglycemic 
action of insulin so long as liver glycogen is present. However, 
when liver glycogen has been depleted by prolonged thyroid influ- 
ence, the injection of minimal amounts of insulin will precipitate a 
fatal hypoglycemia. 

It is apparent that, depending upon the condition of the liver 
glycogen stores when the experiments were made, we might in 
some cases be led to assume that an antagonistic relationship 
existed between the thyroid or the adrenal and the pancreas, while 
in others that the hormones were reinforcing each other. As a 
matter of fact, what is probably happening is that each hormone is 
exerting its action independently of the other. The response 
obtained is determined by the existing conditions and not by the 
presence or absence of another hormone. 

I have dealt at some length with these supposed thyroid, adrenal 
medulla, pancreas relationships since they have played a not incon- 
siderable part in the history of diabetes mellitus. The concept 
was first introduced by Falta, Eppinger and Rudinger, and rapidly 
hecame associated with the so-called overproduction hypothesis of 
diabetes mellitus. 

III. Cortin. A. Complete removal of all adrenal cortical tissue 
is followed by a condition characterized by loss of sodium from the 
hody, hemoconcentration and death. Very frequently such adrenal- 
ectomized animals develop marked hypoglycemia, and usually have 
depleted liver glycogen stores. Until recently it has been assumed 
that this hypoglycemia and carbohydrate depletion was a result 
of the disturbance in the water and salt metabolism, although why 
this should occur as a result of hemoconcentration has always been 
liffcult to answer. In traumatic shock, for instance, where equally 
‘reat hemoconcentration is present, the blood sugar is usually 
nereased. 
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A recent publication by Harrop and his co-workers' has done 
much to clarify the occurrence of hypoglycemia following adrenal- 
ectomy. They have found that even if dogs were adequately main- 
tained by cortical extracts or salt feeding they still developed hypo- 
glycemia upon fasting. This indicates that under these conditions 
the adrenalectomized animal is unable to maintain his blood sugar; 
in other words, although the salt and water metabolism has been 
restored to normal, there still exists a defect in the carbohydrate 
metabolism. The importance of this observation will be more 
apparent when we discuss the effects of adrenalectomy upon pan- 
creatic diabetes. Up to the present the injection into normal 
animals of large amounts of a cortical extract capable of maintaining 
adrenalectomized animals has not been followed by any recognizable 
changes in metabolism. 

IV. Insulin. When we consider the effects of total insulin depri- 
vation we are of course at once confronted with the problems of 
clinical and experimental diabetes mellitus. ‘The sequence of events 
following total deprivation of insulin are as follows: 1, Hyper- 
glycemia and glycosuria that persist during fasting. 2, An increased 
nitrogen excretion and the development of a constant proportion 
between the urinary glucose and nitrogen. This proportion, usually 
spoken of as the GN or IN ratio, is one of the most characteristic 
features of a total diabetes. It has been interpreted, chiefly by 
the work of Lusk, to indicate that a constant proportion of the 
amino acids either from the food or body proteins is converted 
into glucose. Since, 3, it has been held that glucose oxidation 
virtually ceases in the absence of insulin, all such glucose formed 
from amino acids is excreted. 4, Finally, large quantities of the 
acetone bodies betahydroxbutyric acid and acetoacetic acid appear 
in the urine. 

These facts are well established. It is upon the interpretation 
of the manner in which these various phenomena are brought about 
that a wide difference of opinion has arisen. Until recently it has 
been generally accepted that the increased metabolism of protein 
and fat was a direct consequence of the endeavors of the organism 
to meet its metabolic demands in the absence of glucose utilization. 
This point of view looks upon the failure of glucose oxidation in 
the absence of insulin as the essential defect. The other metabolic 
changes follow as an attempt at compensation. 

Another group of workers has held a different view. The orig- 
inators of this theory were Falta, Eppinger and Rudinger and their 
explanation has come to be spoken of as the “overproduction 
theory.” This group has held that there exists an interrelationship 
between the thyroid, adrenal medulla and the islands of Langerhans. 
When insulin is removed a glandular imbalance is established. As 
a result the activity of the adrenal medulla and the thyroid markedly 
increases the production of glucose from protein and fat. As a 
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consequence the body is flooded with glucose and the products of 
fat metabolism the acetone bodies. This school has also main- 
tained that the normal capacity of the tissues to utilize carbohy- 
drates persists, but the large amounts of glucose presented to them 
as a result of the overproduction mechanisms overtax their capacity 
of utilization and hyperglycemia and glycosuria occur. 

Without going into details it may be stated that this original 
theory has been unacceptable to the great majority of physiologists, 
In the first place, as | have already indicated, it is unlikely that 
any such glandular interrelationship exists, and secondly, the view 
that fatty acids may be converted into glucose is without support. 

Nevertheless, this “overproduction hypothesis”’ has introduced 
the concept of a glandular imbalance as playing a part in the dia- 
betic svndrome as opposed to the view that hypofunction of the 
pancreas alone invokes these marked metabolic disturbances, with- 
out altering the activity of the other endocrine glands concerned 
with metabolism. 

With these ideas concerning diabetes mellitus before us, let us 
pass to the consideration of another endocrine gland which until 
recently had been very much neglected from the point of view of 
its possible metabolic effects. 1 refer, of course, to the anterior 
pituitary. As before, let us first consider the effects of removal of 
the hormones of this endocrine gland upon the organism. 

\. Anterior Pituitary. Following hypophysectomy in mammals, 
birds, amphibia, reptiles and fish, there occurs a most striking 
atrophy of practically all the endocrine organs. Those most 
markedly involved are the gonads, thyroid, adrenal cortex and, to 
a lesser extent, the parathyroids and thymus. It is also probable 
that the islands of Langerhans are involved in this atrophy, but 
their anatomic situation makes this rather difficult to decide. One 
fact to be remembered is that the adrenal medulla, so far as one 
can judge, is not involved. 

In view of these findings it is not remarkable that hypophysec- 
tomy results in marked metabolic disturbances. Those reported 
up to the present are: 

A. A decreased metabolic rate and cessation of growth. 

B. A lowered blood sugar and the development of hypogly- 
cemia symptoms on fasting. 

(. A markec sensitivity towards insulin. 

D. A decreased response of the blood sugar to epinephrin 
injections (Cope and Marks),? 7. ¢., resistance to this 
hormone. 

Ek. A decreased fasting nitrogen excretion (Braier).* 

F. When glucose is fed a large part of it is unaccounted for in 
terms of glucose oxidation or glycogen storage (Phillips 


and Robb).* 
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G. In some animals markedly increased fat deposition (Cope 
and Marks). 

H. An atypical response to phloridzin characterized by de- 
creased glucose, nitrogen and acetone body excretion 
(Houssay ).° 

It is apparent from a study of this table that in addition to the 
anatomic changes in the endocrines widespread metabolic dis- 
turbances involving protein, fat and carbohydrate are produced by 
removal of the anterior pituitary. This is suggestive of an equally 
close functional interrelationship between the anterior pituitary 
and the various endocrines enumerated above. 

The dominant influence of the anterior pituitary is further 
emphasized by the study of the effects of anterior pituitary extracts 
injected into hypophysectomized and normal animals. Thus the 
injection of crude alkalin extracts has been shown to cause both 
anatomic and physiologic restoration of the gonads, adrenal cortex 
and thyroid as well as a resumption of growth. 

When these crude extracts are injected into normal animals the 
metabolic rate is increased while at the same time the thyroid 
becomes hyperplastic. Another striking etfect is the development 
of resistance to insulin. 

Houssay® has reported that the continued injection of such extracts 
in normal fed dogs leads in a few days to marked hyperglycemia 
and glycosuria. In this he is supported by Evans, Bauman and 
Marine and others. For my own part, up to the present, I have not 
seen either crude or purified anterior pituitary extracts produce 
these effects in normal animals and other workers have reported 
similar negative results. The production of diabetes mellitus in 
normal animals by anterior pituitary injections is only one of the 
many important problems that awaits future investigation. 

Considerable progress has been made in the fractionation of 
anterior pituitary extracts by Collip and his co-workers.? The 
following fractions have been obtained: .1, Growth (+ glycosuric 
in suitable preparations); B, thyrotropic (+ ketogenic) — repair of 
thyroid in hypophysectomized animals; (, adrenotropic (practically 
free from all others); ), gonadotropic. Other effects of pituitary 
extracts are reported, but so far without extensive purification: 
A, Lactation factor; B, parathyrotropic; C, pancreatotropic— stim- 
ulates islands of Langerhans. 

It is not my purpose to comment on the apparent paradox of 
the presence of this large number of apparently specific hormones 
in an organ that only contains three distinct types of cells. It 
is probable, however, that further work will reduce rather than 
increase the number of these hormones as we gain knowledge not 
only of their chemical nature, but also of their exact physiologic 
properties. 

There is, however, one feature of the majority of anterior pituitary 
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hormones that is particularly important. This is the trophic nature 
of their action. By this we mean that in the case of the hormones 
affecting the gonads, thyroid, adrenal cortex, it has been abundantly 
demonstrated that they are without physiologic effect 1f the gonads, 
thyroid or adrenals are removed. In other words, they produce 
their effects upon the organism by stimulating the particular endo- 
crine to pour forth larger amounts of its secretion. Thus the thyro- 
tropic hormone not only causes hyperplasia of the thyroid, but also 
a condition of hyperthyroidism as a result of the increased amount 
of thyroid secretion that is liberated into the blood stream. Con- 
versely, removal of the anterior pituitary produces a condition largely 
due to simultaneous hypofunction of nearly all the endocrine organs. 
The dominant control of the anterior pituitary over the other 
glands of internal secretion is probably the most important finding 
in endocrinology in recent vears. 

The Anterior Pituitary and Pancreatic Diabetes. We have already 
noted some alterations in the carbohydrate metabolism of hypophy- 
sectomized animals. These are: a, the occurrence of hypoglycemia 
on fasting; 6, an increased sensitivity to insulin; c, an abnormal 
disposal of ingested carbohydrate. In addition I have suggested 
to you the concept that in another condition characterized by a 
markedly abnormal carbohydrate metabolism, to wit, diabetes 
mellitus, glandular interrelationships may play a part. 

It has remained for Houssay and his co-workers to discover the 
beautiful but intricate relationship between the anterior pituitary 
and the pancreas as is shown by their effects upon carbohydrate 
metabolism. 

About 1927 Houssay and his associates’ began the publication 
of a long series of papers concerning the effects of a previous hypophy- 
sectomy upon the diabetes following total extirpation of the 
pancreas. The first experiments were carried out upon toads; they 
were however rapidly extended to dogs. The findings in both species 
were as follows: 1, after pancreatectomy in an hypophysectomized 
animal the degree of hyperglycemia and glycosuria was much dim- 
inished compared with that following pancreatectomy in an intact 
animal; 2, the nitrogen excretion and the dextrose-nitrogen ratio in 
the urine were also decreased; 3, ketonuria was markedly reduced 
and diabetic acidosis and coma did not occur; 4, as a consequence 
of these changes the animals survived for a long period. The dia- 
betes was not entirely obliterated, but was transformed from a 
rapidly fatal condition into one of mild degree. Thus dogs which 
ordinarily only live about 2 weeks after pancreatectomy survived 
for 6 months or more if the hypophysis were also removed; 5, these 
animals doubly operated upon were extremely liable to hypogly- 
cemic episodes, especially if fasted—glucose injections being often 
necessary to save their lives; 6, the carbohydrate tolerance, although 
not normal, was often greatly superior to that of the control depan- 
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creatized group; 7, marked loss of weight occurred in all those 
doubly operated upon that survived long periods and, in fact, 
these animals ultimately succumbed to inanition. This loss of 
weight is in part to be attributed to the absence of the external 
pancreatic secretion and partly to the mild diabetic state that 
persists; 8, removal of the thyroid before pancreatectomy did not 
alleviate the diabetes. 

In the first experiments upon toads, Houssay’ was able to show 
that implantation of the anterior lobe of the pituitary brought 
about a return of the diabetes to its usual severity. Similar experi- 
ments in dogs were at first unsuccessful; but in more recent work 
with alkalin extracts of bovine anterior pituitaries, Houssay was 
able to exaggerate markedly the diabetic state of his doubly oper- 
ated dogs, as evidenced by the increased excretion of glucose and 
acetone bodies. 

These remarkable results have been confirmed by several workers 
upon the dog, while Lukens and I!" have shown that an equally 
large amelioration is observed in the severe diabetes that occurs in 
cats following pancreatectomy. 

It will also be realized that these findings point to a participation 
of the anterior pituitary gland in the metabolic disturbances fol- 
lowing pancreatectomy. In other words the ‘overproduction 
hypothesis” of diabetes mellitus receives some confirmation. Too 
much credit should not be given to the original exponents of this 
view, since: a, it is the anterior pituitary and not the adrenal and 
thyroid that are antagonistic to the pancreas; , as we shall see, 
carbohydrate utilization is not greatly improved by hypophysectomy 
and c, there is still no decisive evidence that fatty acids can form 
glucose. 

During the last 2 vears Dr. Lukens and I have been carrying 
out experiments upon the mechanisms by which hypophysectomy 
produces its effects upon an experimental diabetes. 

It has been our opinion that the best method to employ would 
be to study one species of animal and by the use of a sufficient 
number determine what was the usual response to a total pancreatec- 
tomy. We have also made observations upon a number of factors 
involved in the diabetic syndrome, that is, upon a, survival, b, degree 
of hyperglycemia and glycosuria under fasting and fed conditions, 
c, development and degree of ketonuria, d, clinical course and mode 
of death. In this manner we arrive at a standard against which 
the effects of any procedure upon experimental diabetes can be 
judged. 

We have received ample confirmation that hypophysectomy not 
only increases the survival of depancreatized cats, but also results 
in a markedly lower glucose, nitrogen and ketone excretion under 
fasting conditions. Since acidosis and ketosis do not occur in such 
animals the increased survival must be largely due to the removal 
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of factors that normally precipitate them. It should be emphasized 
that the diabetic state is not completely remedied by hypophysec- 
tomy. In the cat particularly it is merely transformed from one 
of great severity accompanied by intense ketonuria to one of mild 
degree without ketonuria. 

As we have already mentioned, the final stages of fatty acid 
metabolism are held to be intimately coupled with the oxidation 
of a certain proportion of glucose. Furthermore, another appar- 
ently well grounded hypothesis is that in the absence of insulin 
glucose oxidation is virtually absent. 

In the case of the hypophysectomized and depancreatized animal 
two questions arise, either of which challenges one or the other of 
the above concepts. -1, Is the disappearance of ketonuria due to 
the resumption of sufficient carbohydrate utilization to complete 
these final stages of fatty acid metabolism; or B, in the absence of 
the hypophysis is the metabolism of fatty acids completed even 
though the amount of carbohydrate oxidation is not altered? 

If the removal of the hypophysis allows the amount of carbohy- 
drate oxidation to increase, then the view that the sole defect in 
diabetes mellitus is failure of carbohydrate oxidation is placed in 
jeopardy. On the other hand, if carbohydrate oxidation is not 
improved by hypophysectomy then the view of the necessity of the 
coupling of this process with acetone body utilization is one that 
applies only under a definite set of conditions. 

We have therefore carried out a number of experiments to deter- 
mine to what extent carbohydrate utilization is improved by 
hvpophysectomy. 

In the first group we gave 3 gm. of glucose intraperitoneally to 
hypophysectomized-depancreatized cats and found that this was 
followed by a typically diabetic response of the blood sugar.* 

In the next experiments we placed the animals on a constant diet 
and after a suitable fore period added 6 gm. of glucose to the diet. 
The recovery of the added glucose was quantitative, exactly as rt 
is in the totally depancreatized animal. 

Finally we placed the animals on a protein-fat diet and deter- 
inined the glucose and nitrogen excretion. From the urine nitrogen 
excretion it is possible to calculate what the glucose excretion should 
he if 45% of the protein is converted into this carbohydrate. This 
proportion is taken since the glucose-nitrogen ratio of the totally 
depancreatized cat is 2.8 to 1. The difference between the calcu- 
lated amount of glucose and that actually found should represent 
the glucose derived from protein that is retained in the body. 
Although we found that this is often a considerable part of the 

*It has been observed that when these animals are exhibiting hypoglycemia 


‘normal”’ glucose tolerance curves may be obtained. More extensive investigations 
of the respiratory metabolism under these conditions are indicated. 
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glucose derived from the metabolized protein, yet in reality it only 
amounts to about | to 2 gm. per kilo a day. 

The most important test is the change in the respiratory quotient 
when glucose is given. So far we have not carried this out in our 
cats, but Houssay' has made some determinations upon his dogs. 
Although he concludes that there is a significant increase in the 
respiratory quotient, many of us would hesitate to draw conclusions 
from the small changes he reports in the majority of animals. Fur- 
thermore, with one exception, typical diabetic blood sugar curves 
were found to follow the ingestion of glucose. 

I think it is best that for the present we assume that hypophysec- 
tomy does not produce any major alteration in the utilization of 
carbohydrate. In other words, the defect produced in carbohydrate 
utilization by the deprivation of insulin is not restored by with- 
drawal of the hypophyseal hormones. 

What then is the nature of the alteration produced in the dia- 
betic metabolism? It is at least twofold. .1, The absence of severe 
ketonuria, as we have already noted, implies that either acetone 
bodies are not produced in their usual large quantities or else their 
complete utilization is restored. Experiments to decide between 
these alternatives have not yet been done. B, the markedly 
decreased urmary glucose and nitrogen excretion indicates that the 
usual increased formation of glucose from protein (gluconeogenesis) 
that occurs when the pancreas is removed is much reduced. 

Are the Other Endocrine Glands Involved in the Diabetogenic Action 
of the Anterior Pituitary Hormones? We have already pointed out 
that in a large number of instances the anterior pituitary hormones 
exert their effect by a trophic control of the secretion of another 
endocrine gland. Is this so in the case of the diabetogenic activity 
of the anterior pituitary’? Before proceeding it would be as well 
to define what we mean by diabetogenic activity. I have chosen 
to speak of it here as the capacity of anterior pituitary extracts to 
increase the glucose, nitrogen and acetone body excretion of a 
hypophysectomized-depancreatized animal. 

If the diabetogenic activity is a trophic one, over what glands of 
internal secretion is this effect exerted’ 

There are at least three possibilities. .4, The thyroid. Houssay*: * 
has shown that pancreatic or phloridzin diabetes appears to its full 
extent in thyroidectomized animals. It has, however, been claimed 
that thyroidectomized rats do not develop ketonuria when injected 
with anterior pituitary extracts. Further work is indicated upon 
the possibility that the thyroid may be participating in these 
phenomena. B, The adrenal medulla. The discovery of the 
glycosuric action of epinephrin by Blum in 1891, followed by the 
views of Falta, Eppinger and Rudinger that the adrenal medulla 
participated in the pathogenesis of diabetes mellitus focussed atten- 
tion upon epinephrin as a diabetogenic hormone. All work to date 
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refutes this view. It is furthermore unlikely that the anterior 
pituitary produces its effects by stimulation of this organ since the 
adrenal medulla is not involved in the general glandular atrophy 
following hypophysectomy. Other reasons for excluding this organ 
will be given below. 

The only remaining endocrine gland to which some participation 
in metabolism has been assigned is, C, the adrenal cortex. The work 
of Lukens and myself indicates that if the diabetogenic effect of 
the anterior pituitary is a trophic one, then this trophic effect is 
probably mediated by the adrenal cortex. * 

The Effects of Adrenalectomy Upon Pancreatic Diabetes. We have 
successfully prepared a number of totally adrenalectomized-depan- 
creatized cats that have survived for 2 to 4 weeks.” These animals 
exhibit an amelioration of the diabetes comparable to that observed 
in the hypophysectomized-depancreatized group. We have also 
prepared a series of animals from which only the adrenal medulle 
were removed, and at a later date the pancreas. Such animals do 
not show any amelioration of the diabetic state, thus conclusively 
demonstrating that it is the removal of the cortex of the gland 
that is responsible for the etfects of adrenalectomy upon experi- 
mental diabetes in the cat. 

While it is possible that both hypophysectomy and adrenalectomy 
ameliorate a diabetes by alterations of the metabolism at different 
points, this is thought to be unlikely. The fact that adrenalectomy 
and hypophysectomy are of equal efficiency in this respect together 
with the marked atrophy of the adrenal cortex following hypophy- 
sectomy strongly suggest that excision of either of these endo- 
crines is producing its effect on diabetes by alteration of the same 
phases of metabolism. As a consequence it may be argued that 
hypophysectomy produces its effects upon experimental diabetes 
bv reason of the accompanying hypofunction of the adrenal cortex. 
By analogy with the relationship between the hypophysis and the 
thyroid extracts of the anterior pituitary capable of increasing the 
severity of the diabetes in hypophysectomized-depancreatized cats 
should have but little effect in the adrenalectomized-depancreatized 
animals. 

To test this hypothesis we have taken 9 animals of each type 
and injected them with a potent anterior pituitary extract. Of 
the 9 hypophysectomized-depancreatized cats, 4 relapsed into dia- 
betic acidosis and coma and died following the injection. Four 
others exhibited a markedly increased ketonuria, but recovered. 


* In connection with this question Houssay and his co-workers" have stated that 
removal of the adrenals, thyroid, gonads or the gastro-intestinal tract does not 
prevent the hyperglycemic action of anterior pituitary extracts in the toad. These 
workers found in this animal that the presence of the liver was necessary. In the 
fog denervation of the adrenals or thyroidectomy likewise did not prevent the 
elyeosuric action of this extract. No experiments are reported upon completely 
idrenalectomized animals. 
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One animal tested a few days before death from inanition did not 
respond. 

By contrast, of the 9 adrenalectomized-depancreatized cats 
receiving the extract, 8 did not show any alteration in the diabetic 
condition, the other had an increased ketonuria but was proved 
to possess an accessory cortical body at autopsy. 

The effect of the anterior pituitary extract upon glycosuria was 
not as striking in our hypophysectomized-depancreatized cats as 
was its effect upon ketonuria. Nevertheless a definite increase in 
glucose excretion occurred in about one-half the animals, while no 
comparable alterations were observed in the adrenalectomized group. 

Although this result would appear to establish the trophic nature 
of at least the ketogenic principle of anterior pituitary extracts, 
yet there is one factor present in the adrenalectomized-depancrea- 
tized cats that calls for further consideration. This is: to what 
extent is this group of animals suffering from a deficiency of the 
hormone of the adrenal cortex that we know exercises a marked 
influence over the sodium and water balance of the body’ 

We have attempted to control this factor in two ways. -1, All 
the animals in which the adrenal and pancreatic tissue was excised 
at the same time have received daily injections of extracts containing 
the above cortical hormone. It is true that some of our first prep- 
arations received what we now know to be inadequate amounts, 
but nevertheless they all received some, and we have not observed 
any striking difference except in period of survival between the 
diabetes of the inadequately and adequately treated animals. 
B, In another series of 4 animals, the adrenals were first removed 
and the cats were maintained in good health for periods of from 
7 to 28 days before pancreatectomy. The ensuing diabetes of this 
group in no way differed from that of the former, and neither was 
the severity of the diabetes increased by doubling the daily injection 
of cortical extract or by the injection of anterior pituitary extract. 

These experiments cast doubt upon the possibility that the 
amelioration of an experimental diabetes is due to a deficiency of 
the cortical hormone concerned with water and salt metabolism. 
Taken in conjunction with the experiments of Harrop ef al. which 
demonstrated the development of a severe hypoglycemia durmg 
fasting in adrenalectomized dogs maintained with cortical extract, 
they strongly suggest that the defect in carbohydrate metabolism 
produced by adrenalectomy is due to the absence of some other 
substance normally present in the adrenal cortex. As further evi- 
dence for this point of view it may be pointed out that injection 
of the salt and water controlling hormone of the adrenal cortex into 
hypophysectomized animals does not alleviate their disturbed car- 
bohydrate metabolism. Finally, hypophysectomized animals do 
not exhibit cortical insufficiency due to sodium loss, vet nevertheless 
show a striking alteration in their response to pancreatectomy. 
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If this view is correct, then the adrenal cortex may contain at 
least two hormones: a, one, already described, that appears to 
control specifically the sodium (and water) metabolism and, 6, this 
at present hypothetical entity whose function is particularly con- 
cerned with the production of glucose from protein and possibly 
of certain aspects of the metabolism of fatty acids. It should be 
clearly understood that the existence of a second principle in the 
adrenal cortex is so far only a matter of inference, since no one has 
as yet demonstrated the ability of adrenal cortical extracts to 
reéstablish the fully diabetic condition in adrenalectomized-depan- 
creatized animals. Until such time as this is accomplished it is 
important to remember that the possibility still exists that adrenal- 
ectomy may produce its effect upon pancreatic diabetes by altering 
the normal secretory activity of the anterior pituitary. 

Other Effects of Adrenalectomy [pon Carbohydrate Metabolism. 
The evidence for the participation of the adrenal cortex in carbo- 
hydrate metabolism is not entirely based upon the effects of the 
removal of the adrenal glands upon experimental diabetes. 

As I have mentioned before, hypophysectomized and adrenalec- 
tomized animals develop severe hypoglycemia when fasted. In this 
condition the blood sugar level has to be maintained by the con- 
version of protein into glucose. It is also significant that such 
animals have a decreased nitrogen excretion under these conditions. 

Since the work of von Mering, it has been known that the injec- 
tion of the glucosid phloridzin into animals either fasted or on a 
protein diet caused marked glycosuria, elevated nitrogen excretion 
and ketonuria. The urinary glucose-nitrogen ratio becomes con- 
stant, which has been interpreted to indicate that all the glucose 
derived from protein has been excreted. The mechanism by which 
phloridzin produces this condition is probably by altering the per- 
meability of the renal tubules to glucose so that the organism is 
unable to retain this substance. As a consequence, both protein 
and fat metabolism are stimulated. 

The difference of opinion as to the manner in which these increases 
are brought about have been the subject of the same controversy 
as has existed in the explanation of the effects of total pancre- 
atectomy. 

Since phloridzin and pancreatic diabetes present to a large extent 
the same perversions of metabolism, it is not surprising to find that 
both hypophysectomy and adrenalectomy markedly alter the 
response of animals to the injection of this glucosid. Thus Houssay 
and Rietti® have shown this to be so in hypophysectomized dogs 
and Dr. Gerald Evans," in my department, has shown it for adren- 
alectomized rats. In both instances it has been observed that the 
degree of glycosuria, nitrogen excretion and ketonuria is much 
imaller than is found in normal animals. 

There is one other condition in which the formation of carbohy- 
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drate from non-carbohydrate sources has been demonstrated. This 
was also discovered by Dr. Evans.” If rats are fasted for 48 hours 
their liver glycogen is reduced to a low level (0.3%). On the other 
hand, if after a preliminary fast of 24 hours in air, they are then 
placed for a further 24 hours in an atmosphere of 10.59% oxygen 
the liver glycogen is greatly increased (up to 1.5 gm. %). This 
increase in liver glycogen is not derived from the muscle glycogen, 
since this is also slightly increased, and is accompanied by an 
increased excretion of nitrogen, indicating that this newly formed 
carbohydrate had its source from protein. Rats from which all 
adrenal medullary tissue has been removed show the same changes 
but not if they have been hypophysectomized or adrenalectomized. 

We have seen then that four procedures by which glucose forma- 
tion from protein is stimulated, to wit, pancreatectomy, fasting, 
phloridzination and exposure to low oxygen tensions, are relatively 
ineffective in the absence of either the hypophysis or the adrenal 
cortex. 

Glandular Relationships. Cushing has said, “ Endocrinology 
lends itself to two glaring faults, one the popularization of writing 
on the subject, and the other a tendency of clinical observers to 
draw upon their fancy in a symptomatology which does not lend 
itself to precision.” 

Knowledge of glandular interrelationships is best gained by first 
acquiring exact information of the physiologic and biochemical 
changes produced in the organism by hypofunction or hyperfunc- 
tion of the individual endocrine organs. Secondly, these effects 
should be placed on a quantitative basis wherever this is possible. 
In the case of several of the internal secretions this knowledge is at 
present not available. Finally, the treatment of glandular disorders 
only becomes possible when the various hormones have been 
obtained in a relatively pure form and their dosage accurately 
determined and standardized. 

The multiplicity of hypothetical pluriglandular syndromes that 
have been described, together with the irrational and unphysiologic 
methods of treatment by pluriglandular prescriptions, has for man) 
years served to discredit a branch of medicine of which none holds 
greater promise for future advancement. 

The time has now arrived when, chiefly by the efforts of physi- 
ologists and biochemists, clinical endocrinologists are beginning to 
cope with the problems of glandular dysfunction in a rational 
manner. 

The excision of an endocrine gland or the injection ot large amounts 
of its hormone gives us a fairly adequate picture of the condition 
produced by a hypo- or hyperfunction of this particular organ. 
The effects of hormonal deficiency or excess are complicated by 
the possibility that these effects are not confined to one particular 
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endocrine organ, but induce corresponding and simultaneous alter- 
ations in the activity of the other endocrines. 

From what I have said this is particularly so in the case of the 
anterior pituitary. The extirpation of this organ or the continued 
injection of its extracts is followed not only by marked anatomic 
changes in the other endocrines, but equally great functional 
alterations. “All pituitary syndromes are essentially polygland- 
ular’ (Cushing). 

In the case of the anterior pituitary the concept of functional 
interglandular relationship is fully exemplified, but it should be 
reiterated that the control of the anterior pituitary is essentially 
a trophic one and its hormones (with perhaps one or two exceptions) 
do not directly bring about any physiologic alteration in the 
organism. 

Conversely, gonadectomy, thyroidectomy or adrenalectomy are 
followed by structural changes in the anterior pituitary. If these 
anatomic changes are shown to be accompanied by corresponding 
deviations in physiologic activity then we are confronted by the 
possibility that alterations in the degree of activity of any endo- 
crine may, through affecting the anterior pituitary, bring about a 
generalized polyglandular derangement. 

We have now to ask ourselves whether these endocrines whose 
secretions directly alter the bodily functions ever exhibit inter- 
relationships comparable in any way to those manifested by the 
pituitary. As you are aware, a large number of such relationships 
between pairs of endocrine glands have been postulated on clinical 
grounds and in some cases with good experimental background. 

In analyzing these types of relationships two possibilities present 
themselves. A, The hypo- or hyperfunction of a particular hormone 
may so alter the metabolic background of the organism that the 
secretions of other endocrines produce an abnormal effect. This 
is particuarly well exemplified by the response of the blood sugar 
to insulin or epinephrin in hyperthyroid states. This response may 
not only be greatly magnified, but may even be reversed, depending 
upon the degree of carbohydrate depletion that has resulted from 
the hyperthyroidism. Under these conditions we cannot assume 
that hyperthyroidism has induced alterations in pancreatic or 
adrenal medullary function, indeed, there is no evidence that this 
ever occurs. B, The dysfunction of one endocrine organ brings 
about changes in the secretory activity of one or more other endo- 
crines. We have already discussed the anterior pituitary relation- 
ships of this type but have still to consider interrelationships of 
this kind among the other internal secretory glands. 

It is probably fairest to state that such relationships do exist, 
but that the evidence advanced for them is in many instances 
extremely meager. Consequently, it is not profitable at the present 
time to attempt to analyze the large number of these supposed 
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interrelationships. The question of their authenticity will have to 
await the work of future vears. 

I have repeatedly emphasized the dominant réle of the anterior 
pituitary. So extensive is its influence over the endocrine system 
that no type of glandular interrelationship of the above type can 
be established without a most scrupulous examination of the 
possibility that this supposed interrelationship is not in reality 
linked through the anterior pituitary. 

There is still one aspect of hormonal action that should be 
touched upon. This is the recent concept of Collip'® of the existence 
of “anti-hormones.”” These substances have up to the present 
been demonstrated in the case of the growth, gonad, thyroid and 
ketogenic principles of the anterior pituitary. No anti-hormone 
has so far been demonstrated for an “effector’’ hormone such as 
insulin, estrin or parathyroid, and Collip is of the present opinion 
that anti-hormones are confined to the trophic hormones. 

Collip has also introduced the idea that the effectiveness of a 
trophic hormone is determined by the ratio between its concen- 
tration and that of its corresponding anti-hormone. Thus, if the 
normal effective stimulus to the thyroid is a 2 to 1 ratio between 
the thyrotropic and antithyrotropic hormones a hyperactive thy- 
roid might be produced by an increase in the amount of thyrotropic 
substance or by a decrease in the amount of antithyrotropic hor- 
mone. If this principle is a correct one, it greatly adds to the 
possibility of the occurrrence of smaller changes in endocrine func- 
tion in contrast to the gross changes that must follow complete 
removal of an organ of internal secretion. 
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Tne first three papers! presented the main outlines of the changing 
picture in diabetes throughout the world. Attention is now 
directed to the diabetic patient, in particular to the group treated 
by Joslin and his associates at Boston. This diabetic group is 
unique and valuable because (1) going back as it does to the 
vear 1897, it covers the several periods in which important advances 
have been made in the knowledge and treatment of diabetes; (2) it 
is an experience under the observation of a single individual over a 
period of 35 vears; (3) periodic contact has been maintained with 
practically all these patients; and (4) the size of the group permits 
numerical analyses which for many items are statistically significant. 

After a general description of the group, the major part of the 
paper relates to the facts on etiology of the disease in this group 
of patients with emphasis largely on those elements which lend 
themselves to statistical representation. 

General Features of the Group Studied. We believe that this 
group is a fairly representative cross-section of the diabetic popu- 
lation. It has been recruited chiefly from the middle classes, with 
others about equally divided between private-room and free patients, 
although each individual in it was treated as a private patient. 


* Part 2 will appear in the July issue of this journal. 
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Both sexes and all ages were represented, but the number of children 
is relatively large, because of the senior author’s interest in diabetic 
children. The proportion of males, too, is relatively high, but not 
to a degree sufficient to bias the experience or the results based 
thereon. In this regard, it is, in fact, more representative than 
most reported clinical experiences. 

Intensive study has been made of 6357 patients who were 
discharged from Dr. Joslin’s service during the vears 1897 to 1928, 
and in addition 463 diabetic children treated in the period 1929 to 
1934, inclusive. For much of this time Drs. Root, White and 
Marble have been concerned in their study and care. ‘The records 
of adult patients seen since 1928 also have been used in some 
instances. The number quoted includes only those patients who 
were diagnosed as diabetic according to the best current standards. 
At the beginning, the diagnosis was based upon a definite glycosuria 
and the typical symptoms of diabetes, loss of weight and strength, 
polydipsia, polyuria, polvyphagia and pruritus. About 1915, when 
the series had reached 1000 cases, the level of the blood sugar was 
added to the diagnostic measures and many earlier cases eliminated. 
As knowledge of its normal and abnormal variations became known, 
the blood sugar became of increasing importance in the diagnosis 
and, in 1927, the entire series was reclassified. 

The criteria for the diagnosis of diabetes in recent vears have been 
a venous blood sugar of 0.14 mg.°% or more fasting and 0.17 mg.% 
or more after a meal, with a simultaneous glycosuria definitely 
related to diet. A large number of referred cases who were not 
diabetic according to the criteria used are excluded from this study. 
They will be the subject of a later paper. 

The group studied includes all the diabetic patients seen during 
these years, namely, in the hospital (chiefly the New England 
Deaconess Hospital and recently at its George F. Baker Clinic), 
at the office and in consultation. The two latter groups, many 
of whom were seen only once or twice, are fairly large. Despite 
this, periodic contact has been kept up with all of them either 
through their physicians or by direct communication. Thus. of 
the 6357 patients discharged up to the end of 1928, the condition 
of 6321 (99.49%) was known as of the anniversary date of discharge 
in 1929. Again, of the 2397 diabetics treated prior to the begin- 
ning of insulin treatment in 1922 and traced as of January 1, 1934, 
information was obtained on 2573 (99°). Thus, even of this 
group who were seen originally from 12 to 35 years ago, only 24 
(1%) were untraced. 

Record Card. The record card used in the analysis of this experi- 
ence is reproduced on p. 761. On it were abstracted from the senior 
author's records the data pertinent to this study: (1) Essential 
items of description; (2) family history of diabetes; (3) facts relating 
to the onset; (4) significant items in the personal history; (5) clinical 
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findings on examination; (6) summary of treatment on first admis- 
sion; (7) follow-up history after discharge. 

It will be noted that the name of the patient is not abstracted 
on the record card. The follow-up section of the card permits 
entries for periodic observations. 

Residence. The very great majority of these patients resided in 
the northeastern section of this country : 856% lived in New England, 
67% in Massachusetts, 41°; in the Boston Metropolitan District 
and 14°, in Boston itself. Of the 15°; who lived outside New 
England, nearly half came from the three nearby states, New York, 
New Jersey and Pennsylvania. A negligible proportion came from 
other parts of the country, and of the few foreign patients, most of 
them were from the Canadian provinces bordering on New England. 
This is particularly true in the case of women. The concentration 
of so large a number of patients within a relatively small geographic 
area is, in some measure, an indication that this practice gives a 
good cross-section of the several social and economic classes, but we 
shall see this more fully later. 

Nationality of Patients. The patients were predominantly of 
native birth; practically all of the children were American born. 
Of the adults for whom these facts were recorded, 65.04 ~ of the 
men and 59.1°% of the women were native born. This figure 
excludes, however, a small percentage of Jewish patients of native 
birth. Jewish patients who have been classified together regardless 
of their country of origin, form the second largest group, namely, 
14.2% of the men and 18.9°% of the women. The proportion of 
Jewish cases was far in excess of their proportion in the population 
of this area (about 8%).2. The only other nationalities represented 
by considerable numbers were Canadians, Irish and English. 

The percentage recorded as native born was lower in the later 
years of this experience than in the earlier vears. The increase in 
the other nationalities was not concentrated in any single racial 
or national group. The only one to show an important change 
was the Italian. The percentage of Jewish cases among male 
patients increased somewhat, but this did not hold for females. 
The decline in the percentage of native born and the corresponding 
increase in other nationalities was due, in large measure, to changes 
in the population from which our material was drawn, and reflects 
the great wave of immigration in the three decades prior to 1914. 
The new immigrants have only recently attained, in large numbers, 
the ages at which diabetes is prevalent. 

Occupation. Another feature which stamps the experience as 
fairly representative is the occupations of the men. As might be 
expected, these patients include a rather large proportion of pro- 
prietors, officials and managers, and members of the professions, 
particularly physicians. But there is a goodly representation of 
the common occupations, as, for example, the building trades and 
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other skilled workers, viz., tailors and printers, clerks, policemen, 
factory workers, store clerks and salesmen. 


-TABLE 1 NATIONALITY OR Race or Group of DiaBetics. Centr 
or Nationauiry or Race ro ToraL of KNOWN OrtiGIN. By SEX AND 
CALENDAR YEAR Pertops. oF E. P. Josiin, 1897-1928. 


Males Females 
Nationality or race 


ISO7- 1915- 1920- 1925) 1915- 1920 1925 
1928 1014 124 1014 1024 1628 


American (white 65.9 77.0 70.9 66.5 61.3 59.1 69.8 61.5 60.4 56.7 
Canadian 5.7 11 6 6 8.2 5.2 1.5 5.3 14 6.3 
Jewish 11.6 147 15 Is.0 19.2 20.3 17.7 
English 2.6 2.4 ain 1.3 3.3 
Irish ma) 3.9 1.9 3.3 3.1 5.1 6.0 3.2 5.1 5.4 
German and Austrian 05 0.5 Os OS 1.3 
Scandinavian 1.1 0.5 0.5 1.2 1.3 OS 0.4 1.0 
Seotch 10 Os Bi 07 1.3 0.8 0.7 0.9 1.4 
Italian 17 0 1.1 1.3 2 6 2.1 1.8 1.8 2.7 
Russian, Polish ind 

Lithuanian 0.6 0.2 1.3 0.6 0.5 0.9 
Colored 0.2 0.5 0.5 O4 OS 0 0.5 
Others 3.5 2.1 + Me 16 2.6 3.4 1.5 5.7 3.4 2.8 
Number of cases 

rotal 2779 382 100 006 1,091 2,914 263 304 1,032 1,315 

Known nationality 2,411 Is2 378 S37 1014 2,617 133 281 965 1,238 


Of 2304 patients whose occupation was definitely known, 18.6% 
were foremen, mechanics, operatives or laborers in manufacturing 
industries. Owners and managers in these industries constituted 
6.5% of the total. Retail merchants were numerous, 12% of the 
total; but this is not surprising in view of the large number of 
Jewish patients. The other large groups of the proprietor class 
consisted of those in finance and wholesale trades, 7.20%, and 
farmers, 4.86%. Other sizeable groups in the working class included 
chauffeurs and teamsters (1.57), emplovees of steam and_ street 
railroads (1.77), store clerks and delivery men (5.67), clerks (4.5%), 
government employees (2.867) and domestic and personal service 
workers (2.4¢7). The proportion engaged in professional and semi- 
professional pursuits was large. On the basis of the total with 
known occupations, the proportion was 21.80%. Naturally, in an 
experience of this tvpe the number of physicians and surgeons was 
large, 6.9%. They constitute an important group, (1) because on 
the whole they follow treatment more carefully, and (2) because 
end results of treatment can be obtained very readily. The authors 


believe that next to children this group is the one most worthy of* 


investigation. Important aspects regarding diabetic physicians in 
this series will be presented in the course of later papers. 

Reason for Initial Examination for Diabetes. Most of these 
patients were first examined for diabetes because of the develop- 
inent of symptoms of the disease. A large number, however, were 
diagnosed. while still symptomless, as a result of examination for 
life insurance. Of the adult patients first seen between 1897 and 
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1928, 426 were discovered in this manner. Among men, these 
insurance cases account for 12.6¢7 of the total and among women, 
1%. If we consider only what may be termed the insurable ages, 
20 to 64 years, the percentages are 15.0 and 1.3. respectively. 
Among men, at ages 35 to 44, no less than 21.3¢% were so discovered. 
The actual number of patients discovered as a result of an insurance 
examination has steadily increased, although the proportion of such 
cases to the total was highest between 1920 and 1924. Of those 
cases referred for diagnosis, but found to be not diabetic, insurance 
cases form an even larger proportion, namely, 25.3° of the men 
and 3.19% of the women. Approximately two-thirds of those 
referred for diagnosis because of glycosuria on insurance examination 
were found to be diabetic. 

TasLe 2.—Discovery or Diaperes BY INsuRANCE EXAMINATION. PER CEN1 


or Cases. By SEX AND CALENDAR YEAR PerRiops. EXPERIENCE 
oF E. P. Josuix, IS97—-192S. 


Males Females 


Age at examination 
ISO7T- 1028. ISO7- 1914. 1915-1919. 1920-1924 1925-1928. 1897-1928 


All ages 12.6 7.0 12.0 14.7 13.0 1.0 
20-44 15.9 18.7 1.3 
Under 20 06 Os Os 
20-34 12.7 12.5 9 7 2.8 
35-44 21.3 6.3 200 28.9 21.4 2.4 
15-54 19 9.1 22 .6 20S os 
11.9 O5 1005 12 9 13.3 os 
65 and over i 4 O4 

Number of cases 3,124 12S 149 1,034 1,213 3,233 


These insurance cases are important for two reasons: (1) they 
tend to be recently developed cases and, consequently, relatively 
free from complications; (2) the percentage of these cases is 
highest in adult and middle life, where the disease, if untreated, 
tends to be somewhat severer than cases in later life. Early diag- 
nosis is, consequently, of vital importance in these cases. Thus, 
of the adult male insurance cases, 70.6% were between ages 20 and 
54 when diagnosed, but only 49.4¢°% of all cases were in this age 
group. We shall show later the value of early diagnosis of these 
cases when we compare the mortality among them with that in 
other cases. The large proportion of these cases discovered early 
by insurance undoubtedly influenced the results of treatment in 
this practice. 

The Etiology of Diabetes. | /ewpoint and Method of Analysis. The 
factors which have been suggested as entering into the etiology of 
diabetes are many: heredity, obesity, arteriosclerosis, gall-bladder 
disease, nervous strain, pituitary disease, thyroid disease and other 


i 

4 

4 

4d 

i 


JOSLIN, DUBLIN, MARKS! STUDIES IN DIABETES MELLITUS 765 


conditions. It has been suggested even that there are several 
types of diabetes; that the diabetes of childhood, of middle life and 
old age are distinct entities. It is the belief of the authors, however, 
that there is an essential unity in diabetes and that this unifying 
factor is heredity. The other factors are essentially of the nature 
of excitants of the disease. Heredity determines the susceptible 
individuals, but since the disease is rarely, if ever, present at birth, 
it is reasonable to postulate at least one or more other factors which 
act to bring out the inherited predisposition. On this basis, the 
essential difference between the diabetes of the several ages of life 
may reflect only the typical age incidence of the various excitants. 

Some of the factors, moreover, seem more and more to be linked. 
The nature of this relationship reflects the newer concept of diabetes 
as involving not only the islands of Langerhans, but other organs, 
if not the whole endocrine system of the body. Without destroving 
the validity of this view of heredity as the unifying factor, however, 
it is possible that isolated cases may have no hereditary background, 
such, for example, as might be the diabetes resulting from hemo- 
chromatosis, although the heredity is unusually strong in this group. 
Perhaps it is only the hereditarily predisposed hemochromatosis 
patient who develops diabetes. 

This theory of the unity of diabetes is in our opinion correct, but 
in the present state of our knowledge, not fully demonstrable. Cer- 
tainly all of the elements which contribute to the proof cannot come 
out of a purely clinical experience. Much of it depends upon work 
in several scientific fields, especially in experimental biology, path- 
ology and biochemistry. While much has been or is being done, 
the fundamental researches are far from complete. Within the 
limitations described, the present paper seeks to show what light 
can be thrown on the problem by this clinical experience, supple- 
mented by the results of investigations in the other related fields. 
Our approach to the problem is through an analysis of the consti- 
tutional factors and medical history of the diabetic patient at the 
onset of the disease. The discussion of heredity is deferred to the 
next paper because it cannot be treated adequately as part of the 
present one. 

Physical Characteristics at Onset. Ser. ‘The first important and 
striking feature in the makeup of diabetic patients is the peculiar 
sex incidence of the disease. Of the 9853 patients seen between 
\S97 and 1933, 4689 were males and 5214 females. The females 
thus outnumbered the males by 12.4%. There has been a consider- 
able change in this respect as time has progressed. In the early 

ears of this experience there was a marked excess of males, and 
‘ven up to 1922 the number of male patients was somewhat greater 
than that of females. Since that date the number of female patients 
jas been larger and the disparity is definitely increasing. Thus, 
‘or the vears 1925 to 1928 there were 20% more females than 
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males, but in 1929 to 1933, 30.8¢;. As compared with the sex 
incidence in diabetes mortality, the proportion of females in this 
experience, even in recent vears, is low. For, the death rate from 
diabetes, as we have seen, is 50°, or more higher for females than 
for males, both in the country as a whole, and in Massachusetts. 
Such differences in the proportions of males and females, however, 
are common in clinical experiences (Table 3). The preponderance 
of male diabetics in older and even in some recent clinical experiences 
is probably due to the greater frequency with which men seek expert 
medical care. In this particular series it is to some extent due also 
to the interest of the senior author in vounger patients where there 
is little difference between the sexes in the incidence of diabetes. 


TABLE 3.-—-Sex IncipeNce oF Diaperes IN RECENT CLINICAL EXPERIENCES. 


Number of patients 
Females per 
100 males 


Males Females 

Joslin (Boston) — 1897-19338 1,639 112.4 
1929-1933 1515 1,081 13008 
1925-1928 1,21 1456 120.0 
1920-1924 1,034 1,128 109.1 
1915-1919 149 350 
IS97-1914 12S 299 
(Pittsburgh 1925-1935 204 321 121 6 
Cammidge® (London) — 1934 * 5OS 102 67.2 
Gotten® (Memphis) —1920-1930 SS 61 69.3 
John? (Cleveland) —1921—1927 92S 1,058 114.0 
1925-1927 169 531 113.2 
1921-1925 159 527 114.8 

Mayo Clinic: 
Wilder*®— 1931-1934 1.248 76.8 
Allan®— 1930 178 362 757 
Adams!" — 1926* 571 120 75.1 
Palmer! (Seattle) — 1919-1934 333 380 114.1 
Sevringhaus! (Milwaukee) — 1922-1930 252 248 OS 4 
Wendt and Peck" (Detroit)— 1919-1929 379 604 183.1 
Wright™ (Clifton Springs, N. Y.)——1926 123 133 108.1 


* Publication date. 

Age at Onset. Mortality data presented in an earlier paper® 
indicate a characteristic age distribution in diabetes; the death rate, 
regardless of sex, increases steadily throughout life, reaching a 
maximum in old age. Since diabetes is a chronic disease, however, 
the age at onset is much more important than the age at death. 
Consequently clinical records give a much truer picture of this 
characteristic of the disease than do mortality records. The time 
of onset of diabetes, as is well known, is not usually definite, espe- 
cially in the milder cases occurring in later life, but it can be fixed 
with reasonable accuracy in most cases. 

In searching for the date of onset in this series the date of diagnosis 
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furnished the starting point in the majority of instances. In 
many it was necessary to use this date as that of onset, but often 
the type of onset as described by the patient would be helpful, 
namely, whether sudden —in the course of 24 hours; rapid —in the 
course of a week; gradual—during a period of 2 months; or just 
indefinite over a longer period of time. In the latter instance 
the time of the development of symptoms would be helpful. When 
doubt existed it was the rule to choose the shortest probable interval 
between onset and diagnosis. 

In this experience the number of patients increases steadily from 
infancy to a maximum at ages 50 to 54 (Table 4), except for a 
slight dip in the late teens. ‘The rise is resumed in the late twenties 
and increases rapidly until middle life. The incidence drops off 
rather sharply from the peak as old age is approached. Relatively 
few cases are recorded as having their onset in the eighties and none 
has been found with onset after age SO. 

4.-—-Ace av Onset or Dianeres. Per Cent DistriputTion oF Cases 


With Known Ace av Onset. By Sex. Expertence or E. P. Josuin, 
IS9T—1928. 


Age at onset M tiles Females 
All ages 100. 0 100.0 
Under 5 2.1 1.6 
5- 9 
10-14 3.5 
15 19 6 
20-24... 1.0 2.4 
25-29 5.3 
14 
Os 
10 44 10.3 9 7 
15-49 14.3 
SA 14.4 15.7 
55-59 10 7 
60-64 9.2 
65 69 5s 
70-74 2.2 
75-79 1.0 
SOS O.2 0.2 
| 
Median age (vears) 16.4 19.2 
Number of cases 3,119 3,229 


At the younger ages, the number of cases is approximately equal 
tor both sexes. Indeed, at most ages up to 45 the males outnumber 
the females. Beginning with 45, however, the order is reversed 
ind the number of females is much larger than that of males up to 
age 70. In old age the numbers are again approximately the same. 

The age distribution at onset (Table 5) has changed perceptibly. 
There has been a definite increase in recent years in the proportion 
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of patients at the older ages, past 60 among males and past 50 
among females. The median age at onset has increased, between 
IS9T to 1914 and 1925 to 1928, 2 vears among males and 4 vears 
among females. ‘These changes, to some extent, reflect the declining 
proportion of younger persons and the increasing proportion of 
older persons in the general population. It will be noted that in 
the period 1915 to 1919 the proportion of males with onset in the 
third and fourth decades of life is relatively large. This is probably 
a by-product of the examination of men in these age groups for the 
draft in the World War. 

The point of maximum onset for age (‘Table 5) has shown little 
change. Among males this point has shifted between the fifth 
and sixth decades, but among the latest cases is definitely in the 
sixth decade. Among females the maximum onset has been in 
the sixth decade of every period except 1915 to 1919 and has been 
increasingly well defined. 

Taste 5.—AGe at Onset oF Diaseres. Per Centr Distripurion oF Cases 


With Known Ages. By Sex anp CaLenparR YEAR Periops. EXPERIENCE 
oF E. P. 1S97-192S 


Sex; age at onset ISO7- 1028S. ISO7- 1914. 1915-1919 1920-1924. 1925-1928 
MALES 
Under 10 5.0 3.8 60 50 5.0 
10-19 s 0 §.3 54 
20-29 8.3 15 
30-39 14.7 14.9 17.8 l4 
10-49 23.1 25.5 25.0 24.0 20.7 
50-59 25.1 233 23.4 27 ] 
60-69 12.5 10.1 14s 
70-79 3.0 2 0 14 4 
SO-S9 0.2 0.3 
Median age (years) 4 13 4 158 is 4 
Number of cases 3,119 124 149 1,038 1,213 
FEMALES: 
Under 10 . 1.4 4 §.2 ‘2 3.8 
10-19 6.1 6.1 10.3 1.3 6.5 
20-29 6.5 7.8 7.0 
30-39 14.5 12.9 10.9 1005 
4049 24.1 211.9 25.6 25.3 
50-59 . . 29.2 24.9 24.4 3008 30.3 
60-69 15.1 12.1 10.9 14.3 17.2 
70-79 . 3.3 3.0 2:3 3.0 3.5 
SO-S9 0.2 0] 0.8 
Median age (years) 49.2 16 4 59 19 4 50 4 
Number of cases. 3,229 297 348 1,128 1456 


Certain anomalies in the sex and age distribution, particularly 
among females, are also brought out by the table. Among males, 
when the experience is divided up into the several calendar periods, 
the number of cases increases with age up to the maximum in every 
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period with but a single exception, which can be dismissed as a * 
chance phenomenon due to the small numbers involved. Among | 
females, however, since 1925, the number of patients with onset 
in the third decade of life has been definitely lower than in the second 
decade. The reason for this is unknown, but perhaps may be 
explained on the basis of a preponderance of diabetic children in 
this series. 


TABLE 6.—-AGE AND Sex INCIDENCE OF OnsSET OF DiABETES. PER CENT 
DisTRIBUTION OF Cases With Known Aces. Recent CLINICAL EXPERIENCES. 


May o Clinic 


Sex; age groups 


1925. 1928 
Total persons 


Boston), 


Palmer! 


Wilder’ 


Cammidge 


Joslin 


MALes 
9 50 17 18 7.5 3.2 2.3 2.3 3.6 
10-19 5.9 64 3.1 5.5 67 6.4 6 6 5.3 5.5 12.4 
20-29 138.9 5.3 §.8 (11.1 66 S4 9S 658 8.0 
30-39 14.6 15.9 (13.0 (12.5 |14.2 9.9 |23.1 17.9 10.2 
10-40 20.7 27.7 |21.8 |23.2 |17.5 (24.4 19.8 24.2 27.5 14.8 
O-59 27.1 |21.9 |286.7 (27.8 |25.9 |23.7 |19.3 |20.1 25.2 22.0 
60-69 144.8 11.53) 28.33/17.4 (18.4 14.4 (20.2 (13.3 11.8 21.4 
70 79 4.4 3.8 2.9 6.3 3.7 1.9 2.7 7.6 
SO and over 02 0.3 0.3 0.3 0.3 P 
FEMALES 
3.8 4.7 1.4 4.7 5.5 04 16 
10-19 6.5 6.7 4.2 5.4 §.5 3.7 3.7 
0-29 $9 10.2 6.2 5.2 7.8 7.0 5.3 5.0 
30-39 10.3 (17.7 (11.4 |12.3 9.9 7.1 (13.5 (15.3 
10-49 23.2 19.2 |24.7 | 25.4 | 22.1 24.9 35.7 
0.3 '24.6 (28.9 |32.0 |20.3 |31.3 |31.2 | 25.9 
60 69 17.2 16.9% (18.2 (17.6 |18.3 |11.2 
70-79 3.5 2.4 1.8 3.7 | 2.7 1.6 
SO and over 0.3 0.2 
NUMBER OF CASES 
Males 1.213) 50S 928 1,248 571 333 379 264 218 - 
Females 1456 102 1,058 O58 420 380 604 321 1,316 300 


Age at diagnosis 
| Age at admission to hospital 
60 and over 


§ Publication date 


Comparison of Age at Onset With Other Experiences. ‘The age 
and sex phenomena in this experience, with the exceptions noted, 
are believed to be fairly typical. Comparison with other experiences 
‘Table 6) tends, in general, to confirm this observation. It is readily 
appreciated, however, that such comparisons must be made cau- 
tiously because of the subjective element in the determination of 
onset. One of the advantages of the present experience is that this 
clement is practically constant throughout the 30 odd years, because 
the senior author made the diagnosis in all cases and fixed the date 
of onset in most cases, and even in recent vears, as a rule, has checked 
this date. In some of the other experiences, the age data do rot 
ilways relate to the date of onset, but sometimes to the date of the 
original diagnosis or of hospital admission, regardless of previous 
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treatment. In some cases the facts are not shown separately for 
each sex—a serious omission as there is a fundamental difference in 
the onset curves of the two sexes. Good material on the age at 
onset of diabetes is scarce, and it is hoped that this report will 
stimulate improvement in this regard. 

In general, the several experiences (‘Table 6) agree in the rapid 
increase with age in the frequency of onset of diabetes. But the 
maximum is not always the same, nor is it always well defined. 
In practically all the experiences, the number of onsets at the very 
old ages is small. The major differences between the several 
experiences are probably due either to differences in the method of 
computing onset or in the type of experience. In the hospital 
experiences, children tend to be relatively numerous, probably 
because they form a disproportionately large number of the acute 
cases, especially coma, which receive hospital treatment. 

Age Specific Onset Rates. These data on the age distributions at 
onset in clinical experiences, while adequate as to the numerical 
frequency according to age, do not represent the rate of onset at 
each age. For example, the small number of cases at the later ages 
obviously reflects, to some extent at least, the relatively small 
proportion of persons at those ages in the general population. The 
determination of true onset rates according to age is, however, 
practically impossible, for this would require knowledge of the age 
at onset by sex for a specific calendar period in a population, the 
composition of which was known. Obviously, such data are not 
available and recourse must be made to other modes of analysis. 

An original approach to the problem is the estimate by Pincus, 
Joslin and White” of the true proportional age frequencies at onset. 
Their method consists essentially in weighting the observed fre- 
quency of onset in Joslin’s experience according to the reciprocals 
of the proportions surviving to each age of the life table (1,). 
While their method gives a better idea of the true profile of the onset 
curve than the crude figures, it does not permit proper comparison 
between the relative onset rates of the two sexes, and the life table 
basis gives undue weight to the older ages. 

A more accurate picture is obtained simply by comparing the 
actual age distribution of the patients in this experience with that 
of the population from which they are drawn. This has been done 
by computing ratios of patients to population by age groups. ‘The 
patients included are those discharged between 1925 and 1928. 
The analysis was limited to patients seen in this period partly in 
order to get a more current picture of the situation, and partly 
because this group is more truly, though by no means entirely 
representative of the diabetic population than is the entire experi- 
ence. ‘lwo population bases are used, namely, the estimated white 
population in 1925 of the New England and Middle Atlantic States 
combined, from which over 90% of the patients came, and the 
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corresponding population for the New England States only, from 
which 85% of the patients came. The year 1925 was chosen as an 
approximate mean year of onset of diabetes in this patient group. 
This is, strictly speaking, not accurate, but sufficiently close to give 


trustworthy results. Similar ratios have been computed on the 
basis of the per cent distribution of the two populations. The 
derived figures are not true onset rates, but the age relationships 
are fairly accurate. At the younger ages, they are probably too 


high, and, after 40, the female curve is certainly too low. 


Cuart IL.--Ace RELATIONSHIPS IN THE ONSET OF DiaBeTeEs. Ratio oF PATIENTS 
or E. P. Josiin, 1925-1928, To PopuLaTion or (a) New ENGLAND AND MIDDLE 


ATLANTIC STATES COMBINED AND (4) New ENGLAND STATES ONLY, JuLY 1, 1925 


(EstimaTep). By Sex anp AGE, 
RATIO 
03500 14000 
03000 .12000 
02500 10000 
02000 08000 
01500 06000 
01000 04000 
00500 02000 

New ENGLAND STATES 
0 10 20 30 40 50 60 70 80 i¢) 10 20 30 40 SO 60 70 80 


AGE AT ONSET AGE AT ONSET 


Similar age contours are obtained by all methods. Chart II 
shows the results based on the ratios of the age distributions. In 
both sexes the onset rates are lowest in the first decade of life, 
but rise at first gradually, then very rapidly to a maximum in the 
fifties, drop off slowly in the next decade, and then rapidly to the 
end of life. The number of cases recorded in the eighties is too 
sinall to show accurately the slope of the curve and the figures, 
therefore, are omitted from the chart. No onset has been observed 
in the nineties in this experience; such cases are rare, if they exist 
at all. Among females there is a definite depression in the curve in 
the twenties. 

When the curves for each sex are compared, it is found that up 


4 
i 
i 
_ 


772 JOSLIN, DUBLIN, MARKS: STUDIES IN DIABETES MELLITUS 


to the age of 40 the frequency of onset in males is generally some- 
what higher than in females, but from 40 to 70 the frequency of 
onset in females is appreciably in excess of that for males. During 
this period of life, when the onset of diabetes is most frequent, the 
females show a rate of onset approximately one-third in excess of 
that of males. In the eighth decade, the frequency, based on this 
experience, seems to be somewhat greater among males, but this is 
questionable in view of the opposite trend in mortality. The num- 
ber of cases past S80 is too small to permit a reliable comparison. 
As we have indicated earlier, the onset curve for females from age 
40 on is too low, and the differences between the two sexes, there- 
fore, are actually greater than here shown. 


TABLE 7.—INCIDENCE OF JEWISH CASES AMONG DiaBetics. NUMBER AND Pro- 
PORTION OF CASES IN SPECIFIED AGE Groups. By Sex. EXPERIENCE OF 
E. P. Jost, 1897-1928. 


Ratio of Jews to Per cent of all 


Number 


Age at onset = 
Males Females Males Females Males Females 


All ages 361 528 11 6 16.3 100 0 100 0 
Under 5 4 4 6.1 7.8 1 1 Os 
5- 9 2 2 2:2 3.2 0 6 3.2 
10-14 6 14 51 12.5 17 2.7 
15-19 S 10 7.8 11.8 2.2 19 
20-24 15 11 12.0 14.3 ‘.2 2.1 
25-29 1S 17 11.0 12.7 5.0 3.2 
30-34 32 32 15 6 22.5 so 61 
35-39 4s 53 Is 24.2 10 0 
40-44 59 70 18.3 22.3 16.2 13.3 
45-49 54 101 13.6 21.8 14.9 19.0 
50-54 56 101 12.4 19 9 154 19.0 
55-59 32 61 9.5 13.9 s.9 11 6 
60-64 ; 19 26 7.0 8 7 5.3 49 
65-69 6 13 5.1 70 cs 2.5 
70-74 2 2 2.9 29 06 04 
75-79 l 3.0 0.2 
Median age (years) 44.1 17.0 


Age at Onset in Jewish Patients. Among Jewish patients in this 
experience, the onset picture is somewhat different from that of 
other patients. The Jewish patients developed diabetes relatively 
early. As Table 7 shows, the maximum numerical frequency of 
onset of diabetes in Jewish males was between 40 and 44, compared 
with 50 and 54 for all male patients. In Jewish female patients, 
equal numbers of onsets were recorded in age periods 45 to 49 and 
50 to 54, whereas among all female patients the onset peak was 
definitely at ages 50 to 54. The median age at onset of the Jewish 
patients was slightly oyer 2 vears less than that of all patients. 
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Certain other features of the Jewish experience in regard to sex 
and age are significant. The number of Jewish female patients 
exceeded that of males up to the end of 1928S by 46.59%, whereas 
among non-Jewish patients the number of males was actually slightly 
greater than females. Considered by age, the number of Jewish 
female patients was far in excess of the males except in the twenties 
and thirties. In the late forties and in the fifties, the female cases 
outnumbered the males nearly 2 to 1. 

The proportion of Jewish to total patients (Table 7) varied 
widely by sex and by age. For all ages, Jewish males constituted 
11.6% of all male patients, but females, 16.5¢7 of all female patients. 
Among males, the proportion of Jewish patients to total patients 
is relatively small at the vounger ages of onset, but increases fairly 
steadily by age up to the maximum of 18.9¢7 in the late thirties 
and declines steadily thereafter. Among females, the proportion 
of Jewish patients is larger at every age than among males. Even 
at the vounger ages at onset, the proportion of Jewish females is 
well over 10¢°7 and increases to a maximum of 24.2 in the late 
thirties. It then declines, at first gradually, and then somewhat 
more rapidly with advancing age. 

This wide difference in the proportion of Jewish patients at the 
several ages is certainly not due to chance.'? It reflects, in some 
measure, merely the percentage of Jews who, in middle life, are 
hetter able to afford and seek expert treatment. This, however, 
can at best be a partial explanation. We believe that the facts on 
the age at onset of diabetes in Jewish patients fits in with the 
mortality data given in an earlier paper,'? which showed that at 
the vounger ages there is little difference in the diabetes death rates 
of Jews and non-Jews and only past 45 are the Jewish rates exces- 
sive. As for the sharp decline in the proportion of Jewish patients 
at the older ages, it is, in part, due to the fact that the Jewish 
population, largely an immigrant one, is deficient in the proportion 
of old people, but even with reasonable allowance for this it seems 
that Jewish patients are prone to diabetes in early middle life. 

Marital Condition in’ Relation to Diabetes. The incidence of 
diabetes is higher in married women than in single women. This 
difference is not found in men. Indeed, only among the married 
is there a large difference between the sexes in regard to the fre- 
queney of diabetes. This was shown by Mosenthal and Bolduan," 
from New York City mortality data, and is confirmed by similar 
Canadian data!’ in the period from 1928 to 1932 (Table 8). The 
‘ignificance of the large difference between married and_ single 
women in the Canadian experience between ages 25 and 44 is 
neertain, because the average age of the single, in this broad age 
sroup, is much lower than that of the married. Unfortunately, 
vore detailed data needed to clear up this point are not available. 
‘he widowed have higher rates than the married within the broad 
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age groups studied, but this also reflects in large part their higher 
average age. 

TABLE AND MaritaL Sratvus.!9 
Death Rates per 100,000 From Diabetes. By Sex and Age. Canada, 1928-1932. 


Ages 25 to 44 Ages 45 to 64 Aves 65 and over 

Marital status 
Males Females Males Females Males Females 
Single 13 2.2 21.9 19.2 48.2 rp ey 
Married 3.2 3.9 Is 1 33..1 79.3 138.0 
Widowed 30.5 12.8 97.3 127.0 


* Not significant because of small number of deaths. 


Partial confirmation of the findings regarding the higher frequeney 
of diabetes in married women is afforded also by analysis of the 
facts on the marital condition of the senior author's group of 
patients. These have been tabulated as of the date of examination 
and compared with the marital distribution of the population of 
New England in 1920, that vear being taken as an approximate 
mean. On this basis, there was a sizeable deficiency from ages 45 
on in the proportion of single persons in this diabetic group, as 
compared with the general population, both among men and 
women, but more especially among women. At ages under 45, 
this relationship did not exist, for the proportion of single persons 
was higher among the diabetics at ages 20 to 24, and among women 
not greatly different at ages 25 to 44. This is not altogether sur- 
prising. ‘To some extent, this is explained partly by the hesitation 
of young diabetics to marry, but to a far greater extent by the 
relatively large number of persons in this diabetic group from fami- 
lies in comfortable circumstances, where marriage tends to be 
delayed. 

Mosenthal and Bolduan'* suggest that the effect of pregnancy on 
the carbohydrate tolerance is a factor in the higher incidence of 
diabetes in married women. This accounts, however, for only part 
of the difference because diabetes even in married women usually 
has its onset many vears after childbearing has ceased. More 
important than pregnancy itself would seem to be the effect of over- 
feeding and underexercise during and after pregnancy. Women 
usually gain weight during this period, some a considerable amount, 
and all or a large part of the added weight is often retained. Some 
indication of this is found in comparing the weights of single and 
married diabetic women. Among 1326 married women in this 
group”? with onset of diabetes after 45, the average weight was 

181 pounds, compared to only 161 pounds for 111 single women. No 
difference, however, was found in the average weights of childless 
and fertile married women. Another factor in the difference between 
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the single and married women is the generally better economic status 
of the married. That means more frequent overnutrition and a 
greater probability of acquiring diabetes as indicated by the weight 
figures just quoted. It also means more medical care and a greater 
probability of correct diagnosis of the disease when it occurs. More- 
over, there is greater incentive for a single woman to keep her 
figure than a married woman. Finally, among single women there 
is a sizeable proportion who do not marry for reasons of health, most 
of whom are victims of wasting diseases, and, therefore, underweight. 

As for the difference in the frequency of diabetes between married 
men and women, the extremely rapid increase in the frequency of 
onset among women in the late forties or fifties reflects the strain 
on the endocrine system during menopause. Gain in weight is very 
frequent at this period of life. 
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THE “GORDON TEST” FOR HODGKIN’S DISEASE. 


By Jacosn D. Gotpstern, M.D., 
NSTRUCTOR IN MEDICINE, UNIVERSITY OF ROCHESTER, SCHOOL OF MEDICINE AND 
DENTISTRY, ROCHESTER, N. Y. 


(From the Departments of Medicine and Bacteriology.) 
IN 1932-33 Gordon! reported that an encephalitic syndrome of 


haracteristic pattern developed in rabbits injected intracerebrally 
vith suspensions of lymph glands removed from patients with 


‘lodgkin’s disease. He obtained this reaction from 19 of the 20 
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lymphadenoma cases which he studied. Gland biopsies from 41 
patients suffering from a variety of conditions (carcinoma, lympho- 
sarcoma, leukemia, tuberculosis) did not produce this effect in 
rabbits. Van Rooyen® similarly studied 20 cases of Hodgkin's 
disease. Fifteen of these glands produced a picture of encephalitis 
in rabbits, whereas 13 non-lvmphadenomatous glands were negative. 

The nature of the agent responsible for this reaction has not been 
definitely established. Gordon! has suggested that a virus may be 
involved. Van Rooven, however, considered the response to be a 
toxic phenomenon, and felt that the absence of demonstrable 
immunity, the absence of intracellular inclusions, and the inability 
to transmit the encephalitis from rabbit to rabbit, constituted strong 
evidence against any virus as an etiologic agent.  Friedemann® 
has shown further that the intracerebral injection of normal splenic 
tissue, of bone marrow (normal or pathologic) or of normal leuko- 
cytes (all from humans) produced in rabbits an encephalitis similar 
to that described by Gordon after inoculation with lymphadenoma- 
tous tissue. He suggested that the encephalitogenic agent in 
Hodgkin's glands, in normal spleen, in bone marrow and in leuko- 
cytes was of the nature of a proteolytic enzyme. A proteolytic 
enzyme was demonstrated in human spleen, bone marrow and 
leukocytes by Jochmann and Lochemann! in 1008S. 

The problem of the identity of the Jochmann-Lochemann proteo- 
lytic ferment with the encephalitogenic agent found in Hodgkin's 
disease has been studied further by Mackenzie and Van Rooyen.’ 
Their results indicate that there is no relationship between the 
proteolytic and the encephalitogenic properties of a given gland 
extract. Experiments directed at this phase of the problem are 
in progress in this laboratory now and will be discussed in a later 
communication. 

In the reports of Gordon and of Van Rooyen, only Hodgkin's 
lymph nodes produced an encephalitis in rabbits. Lymph nodes 
from other diseases did not produce this reaction, although in 
several instances lvmphadenomatous nodes failed to produce. it. 
These reports indicated that the injection of suspensions of Hodg- 
kin’s lymph nodes into rabbit brains might serve as a valuable bio- 
logic test for the presence of Hodgkin's disease. Manson,® however, 
reports 3 false positive tests; in 2 instances from nodes histologically 
diagnosed tuberculosis and in 1 node showing simple hyperplasia. 

The purpose of this report is to present our experience with the 


“Gordon test.” 

Method and Material. Method. Lymph nodes obtained by biopsy 
were sent to the laboratory immediately after removal from the 
patient. Using sterile technique, the gland was weighed, after as 
much as possible of the fatty and fibrous tissue had been dissected 
away. It was then minced with scissors in a mortar, and thoroughly 
ground up with a pestle. Enough broth was then added to make a 
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10° suspension. The broth used (both in grinding and diluting) 
contained 0.59 phenol and its reaction was accurately adjusted to 
a pH of 7.1. 

The gland suspensions were tested for sterility after grinding, 
and always on the day preceding and on the day of injection into 
animals. All emulsions were kept in cotton-stoppered tubes in the 
icebox at 6° C. and injected into animals after from S to 10 days 
of storage. Where the material was adequate in amount, injections 
into rabbit brains were made 24 hours after preparation of the 
suspensions. When the results were negative, further inoculations 
were made in from 15 to 20 days, and in several instances after a 
longer period of storage. 

The rabbits were injected in the manner suggested by Gordon. 
Under light ether anesthesia, 0.25 cc. of gland suspension was given 
intracerebrally and from 0.5 to 0.75 ce. intravenously. The animals 
were examined daily. ‘Temperatures and weights were recorded 
daily at first. Later the temperature was taken only when the 
animal showed abnormal signs, and the weights were recorded 
intermittently as the animals’ clinical status changed. 

Only definite neurologic changes, such as spasticity, ataxia, tonic 
fits on stimulation, and delayed flaccid paralysis were accepted as 
criteria of a positive test. Ilyperexcitability and tremor in the 
first 72 hours after injection were not considered to be significant. 
At first the animals were observed for 21 days, but later this period 
was extended to from 30 to 35 days. 

Material. Twenty-nine lymph nodes have been studied. Nine 
came from patients with Hodgkin's disease, as proved by histologic 
study. The other 20 biopsy specimens were from patients clinically 
suspected of having Hodgkin's disease, but the histologic examina- 
tions did not show Hodgkin's granuloma. A résumé of the indi- 
vidual cases of Hodgkin's disease, including the results of the 
rabbit tests, follows: 

Case l. E. V., female, aged 34, was admitted June 7, 1934, for a derma- 
titis of unknown etiology. She returned 2 months later with swollen 
cervical glands; leukocytes, 23,600. Biopsy of gland showed histologically 
typical Hodgkin's granuloma. 

Rabbits 103 and 104 were inoculated with a suspension of excised gland 
which had been stored in the icebox for 9 days. Both animals showed 
neurologic changes on the 5th or 6th day. Progressive ataxia, spasticity - 
and cachexia developed. Animals killed after a month for histologic study. 

Case 2. M.B., male, aged 48, was admitted November 1, 1934, because 
o! intense abdominal pain of 3 weeks’ duration. The significant findings 
vere generalized glandular enlargement, enlarged liver and spleen, and 
anemia. Biopsy of axillary gland showed histologically typical Hodgkin's 
alsease, 

Rabbits 142, 666, 826 and 828 were inoculated with gland suspension 
sored in the icebox for 3 days. All 4 animals developed signs of an enceph- 
alitis, 

Case 3. E. N., female, aged 70, was admitted November 21, 1934, 
cause of weakness of 5 months’ duration. A small mass was found in 
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the left axilla. Biopsy of this mass showed histologically typical Hodgkin’s 
disease. 

Rabbits 145 and 146 were inoculated with gland suspension stored in 
the icebox for 11 days. These animals remained normal. Rabbits 901 
and 902 were inoculated with node suspension stored in the icebox for 
27 days. Both animals developed encephalitic symptoms characterized by 
spasticity, ataxia and spastic fits. Both died. 

Case 4. R. B., female, aged 26, for 2 years had swollen glands in the 
neck. Biopsy during March, 1934, did not establish a diagnosis. The 
biopsy wound drained for 3 months. In January, 1935, generalized lym- 
phatic enlargement developed. Biopsy of axillary node revealed a histo- 
logic picture of which Dr. G. H. Whipple said: * Definitely Hodgkin's 
disease —but tuberculosis might be present.”’ 

Rabbits 162 and 163 were inoculated with node suspension stored in the 
icebox for 7 days. Both animals developed typical signs of encephalitis on 
the 4th day. Four guinea pigs inoculated with fresh and stored node 
material did not show any tuberculosis on autopsy. The guinea pigs were 
also given skin tests with tuberculin. The reactions were negative. 

Case 5. J. C., male, aged 60, with no reliable history. Material was 
obtained at autopsy on October 28, 1934. Involved lymph-nodes were 
obtained from neck, axillze, and retroperitoneal regions. The spleen, liver 
and lungs were also involved. All were histologically typieal of Hodgkin’s 
disease. Lymphatic tissue and infiltrated tissue from liver and spleen were 
prepared and stored in the icebox for 17 days. One rabbit was inoculated 
with suspension from each tissue. All rabbits developed typical signs of 
encephalitis during the 4th, 5th and 6th days. 

Case 6. P. C., male, aged 7, admitted March 23, 1935, was first seen 
on May 8, 1930, when a generalized enlargement of lymph-nodes was noted. 
Biopsy of an inguinal gland was performed on August 1, 1930.  Histo- 
logically, a diagnosis of subacute lymphadenitis was made with Hodgkin's 
disease listed as a possibility (Dr. G. H. Whipple). A second biopsy on 
November 14, 1931, showed a histologic appearance more closely resembling 
that of Hodgkin’s disease. Biopsy on March 27, 1935, demonstrated an 
appearance histologically typical of Hodgkin’s disease. 

Rabbits 741 and 744 were inoculated with lymph-node suspension stored 
in the icebox for 10 days. Both rabbits developed symptoms of encephalitis 
on the 4th day. 

Case 7. T. M., male, aged 26, for 6 months had intense itching of 
both wrists; for 2 months, increasing swellings in the neck. Diffuse enlarge- 
ment of lymph nodes was observed. Biopsy showed typical Hodgkin's 
lymphogranuloma. 

Rabbits 790 and NL were inoculated with node suspension which had 
been stored in the icebox for 16 days. Both animals developed abnormal 
neurologic signs on the 5th day. 

Case 8. G.G., male, aged 62, admitted on June 2, 1933, for respiratory 
difficulty. Widening of mediastinal dullness and a generalized lymph- 
adenopathy were present. Biopsy of an axillary gland on September 6, 
1933, demonstrated typical Hodgkin’s granuloma. A second biopsy on 
October 27, 1933, also showed Hodgkin’s granuloma. Death occurred 
on November 21, 1933. At autopsy, lesions entirely typical of Hodgkin’s 
disease were found in liver, spleen, kidneys, skin and lymph-nodes. 

Nine rabbits were inoculated with material obtained at both biopsies 
and at autopsy. Dosage and duration of icebox storage were varied. Al! 
tests, however, were entirely negative. 

Case 9. J. H., male, aged 39, had enlargement of cervical lymph- 
nodes, noted in May, 1934. There occurred progressive development oi! 
a diffuse lymphadenopathy with intermittent fever. Biopsy on October 9, 
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1933, showed histologically typical Hodgkin’s granuloma. The patient 
died during February, 1935. The gross and histologie findings at autopsy 
substantiated the diagnosis of Hodgkin’s disease. 

tabbits 641 and 642 were inoculated with lymph-node suspension stored 
in the icebox for 11 days. Both animals remained normal. Rabbits 643 
and 644 received the same suspension after storage in the icebox for 20 days. 
Both animals remained normal. Material prepared from autopsy specimens 
also gave negative results on inoculation into 11 rabbits. 


Control Material. The biopsy specimens from 20 patients did 
not show histologic evidence of Hodgkin’s granuloma. These node 
suspensions did not produce neurologic changes in any of the 
animals injected. A summary of these cases is given in Table 1. 


TABLE 1.—ConTROL Group. 


Patient Sex Clinical diagnosis Histologic diagnosis. Source of gland. 
W.B 7365S M 41 Pulmonary tuberculosis Tuberculosis Axilla Negative 
M.0, S6048 Glomerulonephriti Chronic lymphadenitis Neck 
W. 95140 I Not determined Chronic lymphadenitis Mesentery 

with cystic changes 

AG 87860 M 17 Tuberculous adenitis Hyperplastic tuberculosis Neck 

rs 16533 M 61 yiphatic leukemia Lymphatic leukemia Neck 

T0606 M ‘mononucleosis Chronic lymphadenitis Neck 

R. 65568 M Chronic lymphadenitis Axilla 

L. P. QOTSS M 20 nic nephritis Hyperplastic node Neck 

M.M. 81335 s adenitis Puberculosis Neck 

B.D. 21540 M s adenitis? Chronic lymphadenitis Neck 

7. HH 33 Ulcerative colitis Chronic lymphadenitis Mesentery 

AOH M ~=Leukemia Leukemia Neck 

P.T. 95426 I Banti syndrome? Hyperplastic node Axilla 

W.M. 100968 M 26 =Lymphosarcoma Lymphosarcoma Axilla 

QOUST 4 Tuberculous adenitis Tuberculosis Neck 

D.\ SHY M Lues?) =Tuberculosis? Hyperplastic node Axilla 

C. &. 1191 27 Lymphosarcoma Lymphosarcoma Groin 

4.8 A2888 M 65 Cardiac death Lymphosarcoma Retroperitoneum 

(autopsy) 

G.D. (RGH) F 47 Profound anemia—Cause? Tuberculosis Neck 

C.N 100778; M = 15 Not determined Hyperplastic node Neck 


Discussion. Seven of 9 lymphogranulomatous nodes, when inoc- 
ulated intracerebrally into rabbits, produced an encephalitic syn- 
drome. In 2 instances, where tissue was obtained from histologically 
established cases of Hodgkin's disease, this reaction was not obtained. 
From both, biopsy specimens were obtained on 2 occasions, and 
enough material was available at autopsy to permit making an 
adequate number of rabbit tests. Dosage and time of icebox storage 
of the suspensions varied, but all of the inoculated animals remained 
free of abnormal neurologic manifestations. 

Of the control group of 20 lymph nodes, 5 were tuberculous and 
2 came from patients with infectious mononucleosis. None of the 
control glands produced signs of encephalitis on inoculation into 
rabbits. 

The results of our limited series of observations suggest that the 
“ Gordon test’”’ may be of distinct value in the diagnosis of Hodgkin’s 
disease, especially in those instances where the histologic findings 
are uncertain. A negative test at the present time has no diag- 
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nostic significance. It is apparent, however, that in order to settle 
the question of possible “false positive tests,’ additional cases must 
be studied. 

Summary. |. Biopsy material from 7 of 9 cases of Hodgkin's 
disease produced an encephalitic svndrome (a positive “Gordon 
test’) when inoculated intracerebrally into rabbits. 

2. Twenty control lymph-nodes, including 5 tuberculous nodes 
and 2 nodes from infectious mononucleosis were negative. 

3. There were no false positive tests. “Two of 9 nodes from estab- 
lished cases of Hodgkin's disease failed to give a positive test. 

The author wishes to express his thanks to Dr. G. P. Berry and Dr. J. 8. Lawrence 
for interest and help in this work. 
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HODGKIN’S DISEASE OF THE LUNG.* 


By Ernest H. Fatconer, M.D., 
CLINICAL PROFESSOR OF MEDICINE, UNIVERSITY OF CALIFORNIA MEDICAL SCHOOL, 
AND 
Maurice E. Leonarp, M.D., 


ASSISTANT IN MEDICINE, UNIVERSITY OF CALIFORNIA MEDICAL SCHOOL, 
SAN FRANCISCO, CALIF. 


(From the Departments of Medicine and Pathology, University of California 
Medical School, San Francisco, Calif. 


THe material for this report was obtained from a study of 29 
patients with a diagnosis of Hodgkin's disease who were admitted 
to the University of California Hospital from 1928 to 1935. It is 
our purpose to describe, from our analysis of this material, the 
clinical, roentgenologic and pathologic manifestations of pulmonary 
involvement in Hodgkin's disease. We have used data from pub- 
lished reports in the literature for comparison and amplification of 
our data. Of the 29 cases studied, 9 showed clinical or pathologic 


* Read before the General Medicine Section of the California Medical Association 
at the Sixty-fourth Annual Session, Yosemite, May 13-16, 1935. 
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evidence of pulmonary involvement. Seven of these cases are 
reported in essential detail. 

Incidence. Our search of the literature has revealed the following 
published statistics of incidence (‘Table 1). These series are all small, 
probably on account of rigid diagnostic criteria, including autopsy. 
Our series appears larger by reason of less rigid criteria, as not all 
of the patients came to autopsy. The diagnosis in every instance 
of our 29 cases, however, was carefully checked by biopsy material 
and histologic study. Although the total number of reported cases 
is small, and despite the different diagnostic criteria used (clinical 
or pathologic), it will be noted that the reported statistics agree 
closely. 


TABLE 1. 
Total With 

number pulmonary 
Author. cases involvement Per cent 
Ceelen-Rabinowitseh 10 4 10.0 
Herxheimer s 5 61.0 
Sternberg . 5 33.3 
Weinberg 7 2 25.0 
Versé 16 6 37.0 
Moolten Is 9 50.0 
Whitaker 22 7 32.0 
Authors 29 31.0 
Total 125 47 37.6 


The report of 7 authors show the incidence of pulmonary involve- 
ment to be 40%. 

Pathology. The lesion may be primary or secondary. The 
primary type is very rare, although Moolten! includes it in 10°% of 
all cases of pulmonary Hodgkin's disease. The primary forms arise 
from lymphoid nodules within the lung parenchyma and the sub- 
mucosa of the bronchi, the so-called submucosal and auxiliary 
lymphoid tissue.) The secondary type most commonly invades the 
lungs from the bronchomediastinal lymph nodes, but may extend 
from the thoracic spine, ribs, pleura, pericardium or thymus. 
Bernard states that a primary origin in the pleura is more common 
than in the lung. 

Versé classifies pulmonary Hodgkin's lesions as follows: 

1. Hilus node involvement with direct invasion of lung tissue: 
(a) By direct extension from the lung hilus; (b) by breaking through 
the mediastinal pleura. 

2. Hilus node involvement with intra- and peribronchial spread 
into the lungs. 

3. More or less lobar infiltration with various grades of broncho- 
mediastinal involvement. 

4. Confluent lobular foci with associated involvement of lymph 
nodes. 

5. Miliary disseminations. 

Grossly, the lesions may resemble metastatic tumor nodules, 
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massive expansive growths, lobar consolidation or miliary dis- 
seminations; and numerous cases with cavity formation have been 
reported..-'° Lyon" reported a case in which the granuloma had 
perforated the chest wall. 

Histologically, one may find typical granulomatous tissue invading 
and following peribronchial and perivascular structures, also fre- 
quently extending into the interstices and alveoli. 

Pleural effusion may occur in association with infiltration of the 
lung or pleura. Effusion may be due to mechanical factors alone, 
i. €., pressure upon the great vessels by glandular masses. Sero- 
sanguinous, serofibrinous, or even purulent effusions occur, and are 
usually very cellular. Cases with chylous effusion have been 
reported. According to Bernard,’ any effusion which cannot be 
explained in any other way should lead to suspicion of primary 
pleural Hodgkin's disease. 

Among our patients, using the Versé classification above, we 
found 1 case corresponding to ‘T'ype 1, 1 corresponding to Type 5, 
2 corresponding to Type 2, 1 each corresponding to Types 3 and 4, 
and 1 corresponding to a combination of Types 2 and 3. 

Symptoms and Signs. The symptoms associated with pulmonary 
Hodgkin's disease are most frequently cough and dyspnea; less 
frequently, chest pain, expectoration and hemoptysis. Of 7 patients 
presented in detail in this report, 6 had dyspnea; 5, cough; and 
t, chest pain. Five showed signs of fluid; 2 of these showed signs 
of consolidation, and 2 showed only scattered rales. Dyspnea of 
marked degree was a symptom of those patients with extensive 
pleural effusions, although it was also marked in 3 patients having 
infiltration of the lung without the presence of fluid. Cough, 
usually unproductive, occurred in all patients showing parenchy- 
matous lesions. Chest pain was a striking symptom in 1 case. 
In another patient, cough was the predominant symptom before 
infiltration of the parenchyma had occurred. ‘Two patients had 
respiratory symptoms at the onset of the disease. In 1 of these, 
cough was the symptom first prompting the patient to seek medical 
advice. In the other 5 patients the respiratory symptoms appeared 
5 months, 23 years, 3 years, 5 years and 9 months, and 8 years 
after the onset of lesions elsewhere in the body. 

Roentgenologic Findings. There is no characteristic Roentgen 
picture of pulmonary Hodgkin's disease. If the film reveals miliary 
disseminations, or infiltration or cavitation of the upper lobes, 
tuberculosis is suggested. If the shadows resemble metastatic 
nodules or large expanding tumors, carcinoma is suggested and 
may be the diagnosis made. In 1 of our cases the early Roentgen 
diagnosis was tuberculosis, while in another it was metastatic 
carcinoma. 

In the majority of cases where there is evidence of Hodgkin's 
disease elsewhere in the body, the Roentgen findings will establish 
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the diagnosis of pulmonary involvement. The difficulty in these 
cases is the possible coéxistence of pulmonary tuberculosis. We 
have not found this association to be common, either in our own 
cases or in reports from the literature. 

The greatest difficulty presents itself in those cases where the 
primary lesion is in the lungs. Here tuberculosis, lymphosarcoma, 
carcinoma, or chronic pneumonitis may give similar pictures. 
Many roentgenologists believe that tuberculosis and carcinoma 
can be fairly sharply differentiated from lesions due to Hodgkin's 
disease. Whitaker" lays stress upon the sharper outlines of sar- 
comatous and carcinomatous lesions. Wessler and Greene" stress 
the enlargement of paratracheal nodes in Hodgkin's infiltration. 
The response to Roentgen ray treatment may be of help in the 
differential Tuberculosis will show no response. 
Carcinoma responds slowly, if at all. On the other hand, the 
lesions of Hodgkin's disease and lymphosarcoma should regress 
rapidly. It is stated by some authors that lymphosarcoma will 
show a more rapid rate of regression than Hodgkin's lesions, but 
this depends to a large extent upon the relative degree of cellularity 
and fibrosis of the lesion. It should be stated that there are investi- 
gators who believe that radiation does not cause satisfactory regres- 
sion of Hodgkin's lesions in lung parenchyma. For this reason the 
response to radiation may not be of much help as an aid in differ- 
ential diagnosis. 

Prognosis. We were unable to determine any definite connection 
between the time of onset of the pulmonary symptoms and the time 
of death (Table 2). This may be due in part to the variable interval 
between the appearance of the lesion and the onset of symptoms. 
Moreover, there is no definite relationship between the extent of 
the lesion and the symptomatology. If pleural effusion occurs 
early, the svmptoms are marked, whereas it has been noted that 
extensive infiltration of the lung parenchyma may exist without 
symptoms pointing to the chest. 


TABLE 2. 
Time of appearance of Length of life after 
chest symptoms after onset of pulmonary 
Case No onset of disease involvement. 

l 2 years, 6 months 2 months. 
2 5 months Subsequent course not known. 
a S years 2 years, 3 months. 
4 Primary symptoms 4 years, 3 months. 
5. 3 years 3 months. 
S.% 3 years, 9 months 1 year, 9 months. 
7. With onset of disease 1 year, 4 months. 


Case Reports. Case 1.—M. W., male, aged 22, entered the hospital 
May 5, 1933. The chief complaints were weakness, diarrhea, loss of 
weight and swelling of glands in the neck. Two and a half years prior‘to 
entry, following tonsillectomy, he had noted swelling of the left side of 
the neck. In July, 1931, glands were removed from the neck, followed by 
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Roentgenotherapy. Progressive weakness and loss of weight supervened 
with intermittent periods of diarrhea, which lasted until the present entry. 
Two weeks prior to entry he began to have a non-productive cough. Physi- 
cal examination showed: Respirations, 35 per minute; occasional sonorous 
rales in the left interscapular region. For 2 days following admission the 
patient was very dyspneic. On May 9, the possibility of emphysema was 
considered. During his stay in the hospital, he suffered from intermittent 
attacks of dyspnea which could not be accounted for by the chest findings. 
Occasionally a few rales were heard. The respirations ranged from 30 to 
60 a minute. A Roentgen film, taken June 3, showed diffuse parenchyma- 
tous shadows throughout the right lung field, and to a lesser extent in the 
left lung field (Fig. 1). The patient was discharged on June 6. Death 
occurred in July, 1933. No necropsy. 

Case 2.—R. B., female, aged 37, was admitted, July 17, 1933, with 
weakness, loss of weight, dyspnea, intermittent fever and swelling in the 
neck. Her first symptoms appeared in August, 1932, and consisted of 
left temporal headache, itching of the skin and rash. This condition 
cleared up and the patient felt well until January, 1933. Following an 
attack of influenza she complained of dyspnea, a loss of 25 pounds in weight, 
and intermittent fever. In March, 1933, she noted swelling on the right 
side of the neck, followed by swelling of the left side of the neck and in the 
axille and groins. She had also noted excessive pigmentation on her 
body for 2 months. Just prior to admission, dyspnea was the most annoy- 
ing symptom. Physical examination showed: Brownish pigmentation of 
the face and arms. Large masses of discrete and confluent, slightly tender 
glands in the cervical, axillary and inguinal regions. Chest examination 
showed diminished mobility of the left side; dullness over the left base 
posteriorly. Breath sounds at the right apex posteriorly were high-pitched 
and bronchial. Numerous fine, subcrepitant rales were heard throughout. 
The spleen and liver were palpable. There was pitting edema of both 
ankles, and fluid in the abdomen. The pupils were fixed and reacted slug- 
gishly to light; knee jerks were diminished. Kahn test,4+. A roentgeno- 
gram of the chest taken, July 18, 1933, showed scattered area of density 
through both lower lobes and the left upper lobe (Fig. 2). She received 
five courses of deep Roentgen therapy to the chest. Following irradiation 
there appeared to be clinical improvement in her chest condition. She was 
discharged, July 29, 1933, and returned to her physician. Her course 
since discharge is not known. 


LEGENDS FOR Fics. 1 To 11. 


Fic. 1.—Diffuse parenchymatous involvement of the right lung. Lesser involve- 
ment of the left lung. 

Fic. 2.—Scattered areas of density through both lower lobes and left upper lobe. 

Fic. 3.—Large collection of fluid at right base. Small collection at left base. 

Fic. 4.—Perivascular infiltration with lymphogranulomatous lesion extending into 
lung parenchyma. 

Fic. 5.—Diffuse shadows extending throughout both lung fields. 

Fic. 6.—Cireumscribed nodule of lymphogranulomatous tissue. 

Fic. 7.—Fluid level in the left chest extending to the third rib. 

Fic. 8.—Large smooth shadow in the region of the left hilus. 

Fic. 9.— Mediastinum clear. Infiltrating lesion extending down to base of right 
lung. 

Fic. 10.—Increased peribronchial shadows producing increased linear shadows 
throughout the left lung field. Density at the right base. 

Fic. 11.—Peribronchial infiltration. Marked fibrosis in lower part of field. 
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Case 3.—R. F., male, aged 56, was admitted, July 20, 1931, complaining 
of dyspnea of 2 years’ duration. Ten years before, he had noted swelling 
of the neck. A gland was removed and a histologic diagnosis of Hodgkin’s 
disease Was made. In 1927, he had had some Roentgenotherapy. For 
several vears he had nocturnal attacks of orthopnea. Physical examination 
on admission showed signs of bilateral pleural effusion. Fourteen hundred 
ce. of clear yellow fluid were removed from both sides. Five days later, 
1850 ce. of fluid were removed from the right side. Chest films taken on 
July 28 showed a large collection of fluid at right base and a small collection 
on the left (Fig. 3). He received 2 Roentgen ray treatments to the chest, 
following which there was no improvement in the patient’s symptoms. 
Death occurred on October 9, 1931. At necropsy, the left pleural cavity 
contained 5000 ce., and the right pleural cavity 4000 cc, of seropurulent 
fluid. The lungs were normal in weight. There were small, white foci 
scattered over the pleural surface. No other gross lesions were noted. 
Microscopic examination of the lungs showed small areas of perivascular 
cellular infiltration. The cells consisted of lymphocytes, endothelial cells 
and oceasional giant cells. There were no eosinophils. No fibrosis (Fig. 4). 

Case 4.—L. P., male, aged 30, was seen in consultation with Dr. Alex- 
ander Bartlett, of San Francisco, by one of us (E. H. F.). In December, 
1928, the patient was thought to be suffering from arthritis of the upper 
spine. In March, 1929, he developed a cough; and a chest plate taken at 
that time showed enlarged mediastinal shadows. From 1930 to 1931, he 
received periodical Roentgenotherapy to the chest. He was admitted to 
the hospital on December 8, 1931. Physical examination showed enlarged 
glands in the axille. There was some impairment of the percussion note 
and breath sounds over the left side of the chest. A chest film taken, 
December 11, showed 2 circumscribed, rounded nodules in the left lower 
lobe. A diagnosis of metastatic carcinoma Was made. A course of Roent- 
genotherapy was given and he was discharged on December 16, 1931. 
On December 26, he was readmitted, receiving another course of deep 
toentgenotherapy. On January 2, 1932, he was discharged with no 
apparent change in his condition since the first entry. On January 23, 1932, 
he was again admitted. Between the present and previous entries he had 
heen confined to bed because of severe dyspnea. Three days before 
admission, 2500 cc. of greenish fluid were removed from the right pleural 
cavity. On January 26, 1800 cc. of greenish fluid were removed. Culture 
showed no growth. Pathologic examination of the cellular material from 
the fluid gave findings consistent with Hodgkin's disease. A chest film 
taken at this time showed diffuse shadows extending through both lung 
fields (Fig. 6). On January 2S, histologic examination was made of a 
gland removed from the axilla; the diagnosis was Hodgkin's disease. The 
patient's dyspnea was so extreme that after repeated tappings the possi- 
bility of a bronchial stenosis was entertained. Bronchoscopy, however, 
showed no obstruction. Death occurred on March 18, 1932. Necropsy 
showed the right pleural cavity to be filled with blood-stained fluid. The 
right lung was collapsed and adherent on the anterior and posterior surfaces. 
It contained scattered areas of nodular consolidation, varying in size from 
0.5to3em. The mediastinum was completely filled with similar nodules. 
The left pleural cavity contained 800 cc. of clear, yellow fluid. The left 
lung was studded with firm nodules similar to those seen in the right lung. 
Microscopic examination showed marked congestion and edema. There 
were very large circumscribed areas in which the lung architecture was 
completely lost. Practically no alveolar structure was made out. In 
some places only a dense hyalinized fibrosis was present. In others, fibrosis 
was less marked and showed a cellular infiltration, while in still others 
a cellular infiltrate predominated. The infiltration exhibited marked 
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pleomorphism and consisted of lymphocytes, endothelial cells, giant cells 
and occasional eosinophils. The giant cells were mononuclear and multi- 
nuclear. In some the nuclei were arranged about the periphery, while in 
others they had a central arrangement. The nuclei were hyperchromatic. 
A few mitoses were noted (Fig. 6). 

Case 5.—C. R., male, aged 49, in November, 1931, noted swelling of the 
neck. In April, 1932, a diagnosis of Hodgkin’s disease was made by histo- 
logic examination of a gland. A chest film taken, May 19, showed a few 
dense parenchymatous shadows of small size in the right upper lobe. 
Between April and July, 1932, he was given 10 Roentgen ray treatments. 
In August, he was admitted to the hospital complaining of pressure on the 
throat, interfering with breathing and swallowing. He also complained of 
sharp pain in the left side of the chest associated with dyspnea, and an 
unproductive cough which had been present for 3 weeks. Physical exam- 
ination showed signs of fluid in the left pleural cavity, extending to the 
level of the third rib (Fig. 7). On August 6, 2000 ce. of clear, yellow fluid 
were removed from the left pleural cavity. On August 11, a chest film 
showed widening of the mediastinum above the aorta and peribronchial 
infiltration in the left lower lobe (Fig. 10). On this admission, cutaneous 
nodules were found which histologic examination proved to be lesions of 
Hodgkin's disease. Death occurred on October 6, 1933. 

Case 6.—W. M., male, aged 36, in August, 1928, complained of itching. 
In January, 1929, examination disclosed a typical urticarial rash and some 
enlarged lymph nodes in the right supraclavicular region. In February, 
1929. a diagnosis of Hodgkin's disease was made from histologic examination 
of a lymph node. A Roentgen film, taken April 2, 1930, showed a large, 
smooth shadow in the region of the left hilus (Fig. 8). He had several 
courses of Roentgenotherapy. In June, 1930, an enlarged gland was found 
in the left axilla. In September, small, shotty glands appeared in the ante- 
rior triangle of the left side of the neck. In April, 1931, he first began to 
cough. A Roentgen film, taken September 3, showed an infiltrating lesion 
extending from the right hilus to the base of the right lung (Fig. 9). In 
November, thoracentesis of the right chest was performed and 1500 cc. 
of serosanguineous fluid removed. This was repeated several times before 
death occurred, in January, 1932. 

Case 7.—H. V., male, aged 25, in April, 1933, noted a dull, aching pain 
across the lower back. At the same time glandular enlargements appeared 
in the neck, axille and groins. This was followed by fever, anorexia, 
malaise and loss of weight. Since the onset of the illness, he has had 
dyspnea and productive cough. He was admitted to the hospital on 
March 1, 1934. Physical examination showed the presence of fluid in 
both pleural cavities. A Roentgen film taken on March 2 showed increased 
density in the peribronchial structures leading from the left hilus to the 
base. Thoracentesis was performed on March 15. <A clear, yellow fluid 
was obtained. A pleural friction rub was heard in the right lower axilla 
on March 20. On April 10, the patient complained of precordial pain, and 
a pericardial friction rub was elicited. Five doses of Roentgenotherapy 
were given over the chest. The patient was discharged on March 4, 1934. 
He was readmitted, May 29, with nausea and vomiting, marked dyspnea, 
productive cough and pain across the front of the chest. Physical exam- 
ination showed signs of fluid at both bases, with displacement of the 
mediastinum to the right. From May until August, repeated thoracenteses 
were performed and large amounts of serosanguineous fluid withdrawn. 
A chest film, taken August 2, 1934, showed increased peribronchial shadows 
throughout the left lung (Fig. 10). The condition was aggravated by 
marked abdominal ascites, a failing heart and renal insufficiency. Death 


occurred on August 25, 1934. Necropsy findings: Pleural cavities were 
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filled with thin grayish fluid which compressed the lungs until they occupied 
about one-fourth of the chest cavity. There were a few filmy adhesions 
at the left apex and at the right base posteriorly. The parietal pleura was 
studded with white nodular infiltrations. The bronchomediastinal nodes 
were enlarged, and on cut section showed fibrosis and occasional hyper- 
plastic, glandular areas. Both lungs were markedly compressed. The 
right weighed 380 gm. and the left 410. There were many small, rounded, 
yellow nodules in the parenchyma of the left lung, particularly in the 
bronchial regions. The right lung showed a small area of atelectasis at the 
base. Microscopic examination showed peribronchial, and to a lesser extent 
perivascular, fibrosis. These fibrosed areas contained numerous lympho- 
cytes, neutrophils, eosinophils and reticular cells. Occasional Sternberg- 
Reed cells were found (Fig. 11). 


Summary. ‘The conclusions from our studies are in accordance 
with those of other students of this disease who have been interested 
in the incidence of pulmonary involvement. If 37.6%, which is 
an approximate incidence of pulmonary involvement as shown by 
Table 1, should hold in larger series, then pulmonary Hodgkin's 
disease is not rare. The ratio of pulmonary involvement to the 
total number of cases of Hodgkin's disease would actually work out 
to be relatively high. 

Five of the 7 cases showed pleural effusion. This is 71%, which 
is somewhat higher than one would expect to find in a larger series 
of cases. Three of these cases with pleural effusion showed pleural 
lesions, due to Hodgkin's granuloma, at autopsy. We were unable 
to form an adequate idea, from our small series of patients, of the 
average tenure of life after pulmonary involvement is definitely 
ascertained. 

We are preparing a report, to follow this study, dealing with 
pulmonary involvement in patients with lymphosarcoma and 
leukemia. This should prove interesting from the standpoint of 
comparison. 
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PLASMA CELL LEUKEMIA. 


A CONSIDERATION OF THE LITERATURE WITH THE REPORT 
oF A CASE. 


By Artuur J. Parek, Jr., M.D., 
ASSISTANT IN MEDICINE, HARVARD MEDICAL SCHOOL; RESIDENT PHYSICIAN, THORNDIKE 
MEMORIAL LABORATORY, 


AND 


B. Casrie, M.D., 


ASSOCIATE PROFESSOR OF MEDICINE, HARVARD MEDICAL SCHOOL; ASSOCIATE DIRECTOR, 
THORNDIKE MEMORIAL LABORATORY, BOSTON, MASS, 


(From the Thorndike Memorial Laboratory, Second and Fourth Medical Services 
(Harvard), Boston City Hospital and the Department of Medicine, 
Harvard Medical School 


ALTHOUGH more than 400! cases of plasmacytoma* have been 
recorded in the literature, the finding of plasma cells in the periph- 
eral blood in this disease seldom has been mentioned. Aschoff,? 
in 1906, was the first to describe such a condition. Lindh-Muller 
and McNaughton,’ in 1931, reviewed 6 reports of plasmacytoma 
with the blood picture of plasma cell leukemia and added observa- 
tions on 2 more cases. In 1934! Osgood reported such a case, and 
another has been recorded recently at the Massachusetts General 
Hospital. Thus, of a total number of 11 cases, 4 have been observed 
‘in this community during the past 4 vears. Whereas it is a rare 
condition, we venture to predict that the disease occurs more often 
than commonly is appreciated. Since it is readily diagnosed when 
suspected, it has seemed worthwhile reporting an additional case of 
plasmacytoma with a blood picture of plasma cell leukemia. 


* The term plasmacytoma is used to express plasma cell tumors described by the 
names of plasmoma and multiple myeloma. 
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Case Report. An American housewife of 60 entered the hospital in 
December, 1934, complaining of pain in the right chest. Except for chronic 
constipation she had always been in robust health. . During the previous 
vear she had tired easily and had suffered fleeting pains in the back and 
shoulders. For about 8 weeks she had experienced recurrent pains, first 
in the right and later in the left chest, which recently had become so sharp 
and constant that she took to bed. Deep breathing or change of posture 


: in any direction intensified her discomfort. Because of the pains, failing 
| strength and loss of appetite she sought medical care. 


On examination, this gray-haired woman appeared to be pale and tired. 
The breathing was shallow but not labored. Over the shoulders and upper 
thorax anteriorly several purpuric spots were visible. No bone tenderness 
was elicited. The pupils, fundi, and sclerse of the eyes were normal. The 
teeth were carious. The tongue was coated and dry. There was no pal- 
pable lymph node enlargement. Percussion resonance was somewhat 
impaired over the right lower thorax. Spotty areas with bronchial breath ‘ 
sounds and diffusely scattered moist rales were heard in both lungs. Except a 
: for a soft systolic murmur at the mitral valve area, the heart sounds were 
1 not abnormal. The blood pressure was 160 systolic, SO diastolic. Exam- 

ination of the abdomen, pelvis and rectum revealed no abnormality. 
Reflexes were normal. 
The initial blood counts were: red blood cells, 3,130,000 per cmm.; 


4 white blood cells, 21,800; hemoglobin (Sahli), 63°7. On discovering 27°; 
plasma cells in the blood smear, a diagnosis of plasmacytoma was sug- 
q gested and roentgenograms were taken. They were reported as follows: 


Thorax. Cloudy density lower half right lung field. 

Lumbodorsal Spine. Osteoporosis with wedge-shaped deformity of the 
tenth and twelfth dorsal and of the first lumbar vertebrie. By 

Skull. Many small punctate holes in the left lateral aspect of skull. : 


TaBLe 1.—BLoop FINpINGs IN Case or PiLasmMa LEUKEMIA. 


Differential leukocyte count, ©; a 
D R. B.C Heb... W. B.C 

phils ocytes cells evtes ophils phils ocytes 

12/28/34 3,130,000 63 21,800 tio 22.0 3.0 4 2.5 1.0 0.0 0.0 : 
2/35 2,725,000 17,000 00 24.0 2.0 IS 3.0 2.9 0.0 0.5 
l/ 4/35 2,830,000 57 14,150 i605 22.5 6.5 2 3.5 3.5 0.0 3.5 
1/ 9/35 1,960,000 21,000 2.0 19.5 12 1.0 1.0 0.5 
1/11/35 10,150 44.0 19.5 10.0 33 2.0 0.0 0.0 1.5 


Laboratory Findings. Of chief interest were the blood counts listed in 
Table 1. The hematocrit indices of the red cells were essentially normal. 
The platelets were reduced in number. The urine contained a large trace 
of albumin and frequently showed Bence-Jones’ protein. The urine sedi- 
ment consisted of a few red blood cells, white blood cells and granular casts. 

The calcium and phosphorus contents of the blood were normal. The 
non-protein nitrogen of the blood varied from 60 to 76 mg. on three deter- 
minations. The total proteins of blood serum varied from 11.3 to 11.9 gm. 
per 100 cc.; the albumin fraction from 2.87 to 3.2 gm.; the globulin fraction 
from 7.75 to 8.8 gm.; while the fibrin content remained normal. The 
blood Kahn reaction was negative. 

Course. During her stay in the hospital the patient became progressively 
weaker. An initial temperature of 102° F. subsided to normal on the 
second day, where it remained for 2 weeks. The pulse varied from 80 to 


ty 
4 
= 
| 
¥ 
‘ 


790 PATEK, CASTLE: PLASMA CELL LEUKEMIA 


90 beats per minute. On the 7th day many new purpuric spots appeared 
over the thorax, back and forearms. On the 12th day there was blood 
oozing from the nose and gums. The signs referable to the lungs remained 
those of bronchopneumonia. The spleen and liver were not palpable. On 
the 14th day the temperature mounted suddenly to 102° F., and the 
patient became comatose and died. The clinical diagnoses were: plasma- 
cytoma; plasma cell leukemia; bronchopneumonia. 

Postmortem Examination. The body was that of a well developed, fairly 
well nourished elderly white woman. Ecchymotic areas of varying size 
were seen in the skin over the left hand and wrist, thighs, left groin and 
over both pectoral regions. The serous cavities were not remarkable except 
for firm fibrous adhesions at both lung apices and at the midportion of the 
right lung. The heart showed no gross abnormality. Over both pleurw 
were seen a number of scattered elevated gray-white nodules 1 to 2 mm. 
in diameter, surrounded by a dark hemorrhagic zone. The cut surface of 
the lungs suggested the changes of bronchopneumonia. 

The spleen was moderately enlarged, weighing 325 gm., and increased in 
consistence. The gastro-intestinal tract was normal except for a few 
scattered submucous petechiw. In the tail of the pancreas was a soft, 
reddish-brown nodule 1.5 cm. in diameter. The liver weighed 1450 gm. 
and showed no gross changes. The kidneys weighed 300 gm. and were 
pale brownish-gray with a few hemorrhagic areas in the pyramids and 
cortex. The cancellous bone of sternum, ribs and vertebrw was thin and 
soft. There were no circumscribed tumor masses. The bone marrow in 
these areas was soft and reddish-brown. The tibial marrow contained 
yellow fat tissue. 

Microscopic examination revealed no important changes in the heart or 
lungs. There was diffuse infiltration with plasma-like cells in the spleen 
and the liver, both in sinusoids and periportal areas. This also occurred in 
the kidneys, particularly in the interstitial tissue as well as in the pelvis 
and peripelvic fat, the abdominal lymph nodes, and in the bone marrow 
of the sternum, ribs, vertebra and femurs. In the nodule in the tail of the 
pancreas was found a collection of plasma cells which were seen to invade 
the adjacent normal tissue. 

The pathologic diagnoses were: (1) Findings consistent with multiple 
myeloma involving sternum, ribs, vertebra and femur; (2) plasma cell 
leukemia; (3) plasmacytoma of the pancreas; (4) pyelonephritis; (5) 
bronchopneumonia. 


Discussion. Qne essential criterion for the diagnosis of plasma 
cell leukemia is the constant finding of plasma cells in the blood. 
These are oval or round cells whose characteristic nucleus is iden- 
tified by its eccentricity, a nucleolus, dense wedge-shaped chromatin 
masses along the nuclear membrane and a perinuclear pale area. 
The cytoplasm is basophilic and it may be finely granular or, if 
degenerated, vacuolar and foamy. In plasma cell leukemia not 
all cells correspond to this mature type. There also may be cells 
with centrally located nuclei and some forms barely distinguishable 
from lymphocytes. 

Plasma cells appear in the blood stream in rubeola and rubella, 
and a few such cells are noted sporadically in other conditions as 
“myeloma” without leukemia, myeloid leukemia, metastatic car- 
cinoma, and Hodgkin’s disease. However, the persistent presence 
of a considerable number of such cells in the blood of an adult 
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person with the clinical picture of chronic disease is practically 
pathognomonic of the presence of plasmacytoma with plasma cell 
leukemia. In the case presented in this report provisional diagnosis 
was made from study of the blood smears, later to be confirmed by 
roentgenograms, Bence-Jones proteinuria, and high serum protein. 

Exception may be taken to the term “‘leukemia”’ for this disease 
since the number of plasma cells in the blood is not very large and 
since the total white blood cell count, with few exceptions, is no 
higher than that occurring with moderate leukocytosis. However, 
the same may be true of myeloid leukemia. The term “leukemia” 
in these cases is justified since the condition is essentially a disease 
of the blood associated with changes in the spleen, liver, bone marrow 
and lymph nodes and characterized by a diffuse infiltration of the 
cell type throughout the body. Moreover, the clinical course of 
these cases resembles the course of other types of leukemia. 

In Tables 2 and 3 are grouped the significant data of the reported 
cases of plasma cell leukemia. All of these exhibited diffuse infil- 
tration of the type cell but few had impressively elevated white 
blood cell counts. Case 1 of Ghon and Roman’ was included 
to illustrate what might be called ‘‘aleukemic plasma cell lymph- 
adenosis.”” Other cases of this type have been recorded."*: In 
several cases’~* the white blood cell rise and the appearance of 
plasma cells occurred only a few days or hours before death, as if 
it were an agonal expulsion of such cells. These episodes may be 
considered to represent a leukemic phase of leukemia which, through 
its early course, had been aleukemic. In 4 cases there were associated 
multiple myelomata;: ° in our case an extraosseous plasma- 
eytoma; in 6 other cases’: no associated tumors were 
found at autopsy. 

Piney’? and Osgood* emphasized the peculiarity of their cases as 
being instances solely of plasma cell leukemia because of the lack 
of associated tumor and of Bence-Jones proteinuria. Ilowever, this 
seems to us a needless academic nicety. The diffuse infiltration 
throughout the body with plasma cells occurring in the other 
reported cases warranted the diagnosis of leukemia whether there 
was an associated tumor or not. Moreover, in this disease, unless 
meticulously complete Roentgen ray study and search at autopsy 
for plasmacytoma are made, one may not confidently exclude the 
presence of “tumors.” In neither Piney’s nor Osgood’s reports 
were such examinations available. Since Bence-Jones’ proteinuria 
occurs in about 60% of the cases of plasmacytoma and since it 
occurs in other affections of bone marrow such as myeloid leukemia 
and metastatic carcinoma, its presence is merely confirmatory and 
not diagnostic of plasmacytoma (multiple myeloma). Certainly 
its absence is no criterion for the diagnosis of plasma cell leukemia 
as those authors contended. In our case Bence-Jones’ proteinuria 
was present on some days and absent on others. It is not generally 
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appreciated that one or two examinations are insufficient, and that 
marked fluctuations in this test may occur during 24 hours. 

The finding of both plasmacytoma and leukemia in the case now 
reported appears to confirm the theory advanced by Lubarsch™ 
and Pappenheim,'® emphasized by Ghon and Roman and others, 
and reiterated by Jackson, Parker and Bethea’? that there are 
comparable gradations in plasma cell tumors analogous to lympho- 
mata. Thus there may be single and benign or multiple and rela- 
tively malignant plasma cell tumors. ‘There may be a diffuse 
cellular infiltration throughout the body, and this in turn may 
proceed with or without changes in the peripheral blood stream. 
Moreover, as in certain of the reported instances, several forms 
may coéxist. 

We wish to reassert the desirability of regarding this plasma cell 
tumor (plasmacytoma) as a pathologic entity whose different forms 
are not distinct diseases, but are simply gradations in extent and 
activity of the same disease process. 

Summary. A case of plasmacytoma with plasma cell leukemia is 
reported together with a brief analysis of 11 such cases recorded in 
the literature. 

It is believed that the plasma cell tumor should be regarded as 
a pathologic entity whose different forms are simply gradations in 
extent and activity o° the same disease process. 
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THE EFFECT OF ROENTGEN RAY IRRADIATION ON PLATELET 
PRODUCTION IN PATIENTS WITH ESSENTIAL THROMBO- 
CYTOPENIC PURPURA HH MORRHAGICA.*+ 


By Stacy R. Merrier, M.D., 
ASSISTANT PROFESSOR OF MEDICINE, 
AND 
Ropert S. STONE, M.))., 
ASSOCIATE PROFESSOR OF ROENTGENOLOGY, UNIVERSITY OF CALIFORNIA MEDICAL 
SCHOOL, SAN FRANCISCO, CALIF. 


With the Technical Assistance of 
KATHERINE PurvVIANCE, A.B. 


(From the Divisions of Medicine and Roentgenology, University of California 
Medical School, San Francisco, Calif. 


BLEEDING in idiopathic purpura hemorrhagica has long been 
known to be accompanied by thrombocytopenia.':?> When the 
blood platelets become reduced to a sufficiently low level, capillary 
hemorrhages appear in the skin following slight trauma or venous 
stasis, the bleeding time is increased, and there is a failure of the 
clot to retract. Since it is generally accepted that the blood plate- 
lets play an important réle in thrombus formation and clotting, 
this deficiency, in addition to increased fragility of the capillaries, 
is used as a possible explanation for the development of purpura. 
There is little to be found in the medical literature, however, on the 
favorable influence of therapeutic procedures on platelet production 
in this disease. Kaznelson* demonstrated in 1916 a thrombocytosis 
following splenectomy. Since then, drugs, some possibly of minor 
importance, which have been employed with supposedly beneficial 
results, are foreign protein-shock therapy, liver extract, both by 
mouth and parenterally, iron, ergot, snake venom,*® ascorbic acid® 
and many others. Remarkably few studies, however, have been 
reported on the effect of Roentgen ray radiation on the number 
of circulating blood platelets in idiopathic thrombocytopenic pur- 
pura. Bucky and Guggenheimer’ claim to have demonstrated a 
rise in blood platelets following stimulative doses of Roentgen ray 
over the spleen. Other reports’: * do not contain actual platelet 
counts, but present evidence showing cessation of hemorrhage in 
patients for varying periods of time after radiation, and thus lend 
support to the value of this form of therapy. Marzullo,!° on the 
contrary, failed to find significant clinical improvement in his 
patients after Roentgen ray therapy and stated that in 1, notwith- 


* Supported by a grant from the Christine Breon Fund for Medical Research. 
t+ Read before the American Society for Clinical Investigation, Atlantic City, 
May 6, 1935. 
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standing cessation of hemorrhage, the platelets did not rise above 
100,000 per c.mm. In addition, the recent reports of various 
authors'':5 on the treatment of purpura hemorrhagic omit any 
discussion on the effect of Roentgen ray radiation. In view of the 
fact that there has been some controversy over the efficacy of 
Roentgen ray treatment on patients with idiopathic purpura 
hemorrhagica, and since the platelet deficiency is of considerable 
importance in the causation of hemorrhage, it seemed to us desirable 
to make a careful estimation of the platelets in the circulating blood 
of patients with this disease before and after the administration 
of a known Roentgen ray dosage. 

Method of Study... Seven patients, 4 females and 3 males, varying 
in age from 4 to 67 vears, comprised the series for this study. The 
criteria used in the diagnosis of purpura hemorrhagica were the 
spontaneous appearance of petechial hemorrhages and ecchymoses 
in the skin; an increased capillary fragility; prolonged bleeding after 
puncture of the lobe of the ear; a failure of the clot to retract; and 
a marked reduction in the number of platelets. The patients could 
be divided into 8 greups, depending upon duration and severity of 
symptoms. Four of the patients had acute recurring thrombocyto- 
penia with purpuric symptoms, 2 had chronic thrombocytopenia 
with recurring purpura and | patient had an acute fulminating type 
of purpura. 

Platelet counts were done daily while the patients were in the 
hospital for treatment and at intervals of approximately 1 week 
to | or more months after discharge. The platelets were counted 
after the manner described by Rees and Ecker.* The fluid used 
for dilution was prepared according to the directions recommended 
by these authors and was filtered each time before use. A pipette 
calibrated for the enumeration of erythrocytes and certified for 
accuracy by the U.S. Bureau of Standards was used in the deter- 
mination of the number of platelets per cubic millimeter of blood. 
After dilution the pipette was shaken for 5 minutes, the counting 
chamber loaded, but actual counting was not done until 10 minutes 
had elapsed to permit sedimentation of the platelets. The erythro- 
evtes and leukocytes were counted in the usual manner. The 
hemoglobin determinations were made on the Sahli hemometer 
calibrated to read 14 gm. to 100 ce. of blood. 

The determination of capillary resistance was estimated by the 
use of a sphygmomanometer with the cuff inflated to a pressure 
just below the systolic and sustained for 5 minutes. <A definitely 
positive result was recorded if innumerable petechial hemorrhages 
appeared in the skin of the forearm. 

During the period of Roentgen ray administration all other 
forms of therapy which might influence platelet production were 
omitted. In treating these patients the following factors were used: 
200 kilovolts, constant potential; 15 milliamperes; target skin dis- 
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tance of 50 cm., composite filter consisting of 0.2 mm. of tin, plus 
0.25 mm. of copper, plus 2 mm. of aluminum. 

Using the above factors, the apparatus delivers 28.2 roentgens 
per minute, measured without backscatter. The size of the field 
used on the patient’s skin varied with the size of the patient and 
the size of the spleen. The smallest was 10 by 10 and the largest, 
10 by 20 em. The rays were directed toward the spleen from the 
front, from the back and from the side. One field a day was used. 
The daily dose varied between 200 r. and 300 r., with a total of 
from 1200 to 3300 r. in 6 to 15 days. 

Effect of Roentgen Ray on Platelet Production in Acute Recur- 
ring Thrombocytopenia. The 4 patients in this group showed 
a definite increase in their circulating blood platelets following 
Roentgen ray radiation over the spleen. It is to be noted in Figs. 1, 
2 and 3 that the platelet response was prompt, and began within 
24 to 48 hours after treatment was started. In 2 patients receiv- 
ing a total of 1200 r. units (Figs. | and 3), the platelets rose from a 
level of less than 40,000 before treatment to that of 300,000 or more 
per c.mm. during the period in which the 10 days’ treatment was con- 
tinued. In another patient (Fig. 2), less intense treatment, namely, 
a total of SOO r. units, was given and a lapse of approximately twice 
this period of time occurred before the platelets attained a high 
peak. In Protocol 4 are the data on a female patient, aged 9 vears, 
whose recurring purpura had been previously controlled by trans- 
fusions. After Roentgen ray therapy to the spleen, this voung 
patient had a rise in blood platelets from a level of about 100,000 
to 500,000 per ¢.mm. followed by a cessation of bleeding. 

Coincident with the platelet response, it is to be noted in the 
protocols that there was a gradual lessening of the hemorrhagic 
tendency and a subsequent return to normal of the clotting mechan- 
ism. In addition, in % patients who had had increased fragility 
of the capillaries prior to treatment, the tourniquet test showed a 
negative response 10 days after treatment was first started. 

It is of interest to note in Fig. 1 that a decrease in platelets 
occurred after treatment was stopped and progressed to a marked 
thrombocytopenia. A recurrence of purpuric symptoms occurred 
in this patient (Case 1) 7 months after the first attack of purpura. 
At this time a second course of Roentgen ray was given to the spleen 
and consisted of a total dosage of 1SO00 r. units administered over 
a period of 12 days. Again there was a prompt rise in platelets 
from a level of about 40,000 to over 300,000 per c.mm. within ten 
days. 

A recurrence of thrombocytopenia and bleeding also occurred 
in the patient whose data are recorded in Fig. 3. A total second 
dosage of 8500 r. units was given to the spleen over a period of 
12 days and was accompanied by a thrombocytosis and a disappear- 
ance of spontaneous bleeding. This patient had been taking 
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Sedormid just prior to both the first and second attacks, which may 
he of some etiologic significance.’” A photograph of a stained film 
of the blood from this patient showing the absence of platelets is 
reproduced in Fig. 4 and another showing their reappearance after 
Roentgen ray radiation is reproduced in Fig. 5. 

The subsequent course of the platelets in 2 of the patients is also 
shown in Figs. 1 and 2. In the first patient the platelets have 
remained above $00,000 per ¢.mm. for 3 months, and in the second 
patient, above this level for 7 months. 

It is to be emphasized that a second favorable response in 2 
patients following Roentgen ray radiation over the spleen lends 
considerable support to the idea that this form of therapy in ade- 
quate dosage does increase the number of circulating platelets. 
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Fic. 1.— Effect of Roentgen ray radiation over the spleen on a patient (Case 1 
with essential thrombocytopenic purpura hemorrhagica. Note the recurrence of 
thrombocytopenia and a second response to treatment. 


Protocol. Casr 1. A. D., a white American woman, aged 24, entered 
the University of California Hospital, April 3, 1934, stating that 2 months 
prior to hospital entry she had noticed the spontaneous occurrence of 
small hemorrhagic spots in the skin of the left breast. Since then, punctate 
purpuric spots had appeared at various places on her body. Associated 
with this was a marked tendency to bruise easily. Recently there had 
been slow oozing of blood from the gums and 4 brief periods of epistaxis. 
During this time her menses had been more profuse than usual. There 
was no history of the use of drugs, infections, or the association with chemi- 
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cals which might account for this hemorrhagic tendency. She had par- 
taken of a well-balanced diet, including an abundance of vitamin C in 
fresh fruits and vegetables. 

Physical Examination. On admission she appeared fairly well nourished 
and developed. There were small purpuric spots distributed over the body 
and there was a slight oozing of blood from the gums. There were no 
palpable lymph nodes in the cervical, axillary or inguinal regions, but there 
was slight splenic enlargement. 

Laboratory Date. Examination of the blood showed: Erythrocytes, 
4,160,000 per ¢.mm.; white blood cells, 5500 per c.mm.; and a hemoglobin 
concentration of 97°% (13.6 gm., Sahli). The platelets were 112,000 per 
c.mm.; bleeding time, 25 minutes; clotting time within normal limits, but 
there was failure of the clot to retract. The tourniquet test was strongly 
positive for the appearance of petechial hemorrhages after 5 minutes’ 
application. 

Course of Illness. Within 9 days of hospital entry the platelets had 
dropped to 30,000 per c.mm., and by this time the patient had developed 
a slight hypochromic anemia. <A high-protein diet was prescribed, calceu- 
lated to yield 4 gm. of protein per kilogram of body weight. Bleeding 
became more profuse from the gums, epistaxis appeared, and large ecchy- 
moses developed in the skin. Nine days after entry Roentgen ray treatment 
was started, and 6 exposures were given over a period of 12 days, at the 
end of which time bleeding had entirely subsided. The patient was dis- 
charged from the hospital, April 2, 1934, at which time the platelet count 
was 300,000 per c.mm. 

On November 30, 1934, there was a slight recurrence of the hemorrhagic 
tendency, and at this time the platelets were 60,000 per c.mm. Over a 
period of 12 days 1800 r. units were administered and again the platelets 
rose to 300,000 per c.mm. The subsequent course of the platelets is 
recorded in Fig. 1. 

Case 2.—D. R., a white unmarried female, aged 23, was admitted to 
the University of California Hospital, September 19, 1934, complaining of 
epistaxis and bleeding gums of 4 months’ duration. Three years prior to 
entry she had several episodes of epistaxis, prolonged bleeding when cut, 
menorrhagia, and bruised easily with slight trauma. After a few months 
this tendency to bleed lessened until the present illness. In the past she 
had had frequent coryza, occasional infection in the throat, and for many 
years had recurring acne scattered over her body. She had not used drugs 
nor had she knowingly been exposed to chemicals which might account for 
her condition. She had subsisted on an adequate diet. 

Physical Examination. The patient was well developed and nourished. 
There was no apparent infection of the throat, but there were some small 
acneform pustules in the skin of the face and back. No enlarged super- 
ficial lymph nodes could be felt. The tip of the spleen was felt 2 cm. below 
the left costal margin. There were some bloody incrustations in the right 
nostril and some recent and fading ecchymoses in the skin of the lower 
extremities. The application of the sphygmomanometer with the cuff 
inflated to a pressure just below the systolic showed the presence of large 
numbers of petechix in the forearm at the end of 5 minutes. 

Laboratory Data. Examination of the blood showed: Erythrocytes, 
4,310,000 per c.mm.; hemoglobin, 66 % (9.2 gm., Sahli); leukocytes, 
9000 perc.mm. The bleeding time was slightly prolonged and retraction 
of the clot did not occur until the end of 12 hours. 

Course of Illness. Between September 24 and October 3 the patient 
received 4 Roentgen ray treatments over the spleen, with a total dosage 
of 800 r. units. Twenty days after treatment was started the platelets 
were 210,000 per c.mm., the bleeding time 3 minutes and the clot retraction 
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normal. Six months after treatment the platelets were 420,000 per c.mm. 


The course of the platelets in this patient are recorded in Fig. 2. 


+ 


| 


A D + — 
fssentral Thrornbocy Fopente| 
| 
| | / x 
| | | 
| } | 
| 
| | 
: | | | | 
¢ | | | 
AY | | 
| | | | 
| | | | | | | 
| | | | | | | | 
| | 


Sep? Oc? Nov. De Jan/I935 Feb Mar 


Fic. 2 \ slightly delayed reaction in a patient (Case 2) receiving less intense 
radiation. 


Case 3.*—M. C., an Italian female, aged 67, had been under the care 
of her physician for essential hypertension, arteriosclerosis and diabetes 
mellitus. Medication had consisted of insulin, digitalis folia and Sedormid 
tablets for pain. Her first entry into the hospital was November 18, 1934, 
at which time she complained of hemorrhagic spots on her legs and bleeding 
from the gums of 2 days’ duration. The day prior to entry she had noticed 
blood in the urine. She had never noticed a hemorrhagic tendency until 
the present illness. 

Physical Examination. The patient was moderately obese. There 
was no apparent ulceration of the pharyngeal structures. No large lymph 
nodes could be felt. The spleen was not palpable on deep inspiration. 
There were scattered purpuric spots and ecchymoses over the entire body 
but particularly on the arms and legs. There were petechial hemorrhages 
on the conjunctive and a small amount of blood was oozing from the nasal 
passages and from the gums. The tourniquet test was strongly positive 
for capillary hemorrhages. 


* We express our thanks to Dr. John Sampson for permission to study this patient. 
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Laboratory Data, Examination of the blood showed: Erythrocytes, 
4,470,000 per ¢.mm.; leukocytes, 10,800 per c.mm.; platelets, 40,000. The 
clotting time was 25 minutes and the clot failed to retract. 
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Fig. 3.--Effect of Roentgen ray radiation of the spleen on a patient (Case 3) with 

recurring thrombocytopenia believed due to Sedormid sensitivity. 


Course of Illness. Roentgen ray therapy over the spleen was started on 
the day of entry, and after 6 exposures, 1 given on each successive day, 
the platelets had risen to 300,000. Applic ation of the sphygmomanometer 
failed to show the presence of petechial hemorrhages. The bleeding ten- 
dency disappeared and the patient was discharged from the hospital, 
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A typical field from a blood smear of Case 3 before Roentgen ray treatment. 


Note the absence of platelets. 
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Fic. 5.—A typical field of a blood smear from Case 3 after Roentgen ray radiation. 


Note the presence of large numbers of platelets. 
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November 30, at which time the platelets were 468,000 per c.mm.  Bleed- 
ing time was 1} minutes and there was normal retraction of the clot. The 
patient was seen on January 4, 1935, when again she showed marked 
bleeding from mucous membranes and into the skin. The platelets were 
30,000 per c.mm. The bleeding time was longer than 25 minutes and 
there was failure of the clot to retract. It was learned that she had started 
taking Sedormid tablets just prior to the onset of this second episode of 
bleeding. Roentgen ray therapy was started on January 7, and the patient 
was given treatment over the spleen daily for a total of 11 exposures, or 
3300 r. units. On January 8, the platelets were 300,000; the bleeding 
time, 3} minutes, with a normal retraction of the clot. Data showing 
Roentgen ray therapy and the course of the platelets in this patient are 
shown in Fig. 3. 

Case 4.—V. D.S., a schoolgirl, aged 9, entered the San Francisco Hospi- 
tal, May 5, 1935, because of bleeding from the mouth and hemorrhages in 
the skin of the abdomen and legs. She had had 2 previous hospital admis- 
sions at about 10 months’ intervals. On these occasions her symptoms 
were similar and her blood platelets were about 85,000 per c.mm. A 
diagnosis of thrombocytopenic purpura was made. Treatment consisted 
of the intravenous administration of whole blood followed by a subsidence 
of her symptoms. The child had been fairly well until the present entry, 
except that she had noticed slight bleeding from the gums on occasions. 
On the day of entry she developed profuse bleeding from the gums and 
several hemorrhages appeared over her body. There was no history of 
medication or exposure to chemicals which might account for the bleeding. 
She had eaten on the average of 1 orange a week. 

Physical Examination. The patient was well nourished and developed, 
active, codperative, intelligent and resting quietly in bed. There were no 
demonstrable enlargements of the lymph glands and the spleen was not 
palpable. There was no evidence of infection. Blood was oozing slowly 
and continuously from the gums, and there were many petechial and 
ecchymotic hemorrhages scattered over the body. 

Laboratory Data. The red blood cells were 4,200,000 per c.mm., and 
the leukocytes 8600 per ¢c.mm., with a normal differential count. The 
hemoglobin was 80°) (Sahli). A specimen of venous blood clotted in 
7 minutes, but there was a failure of the clot to retract. Following a 
puncture of the ear, bleeding continued for 32 minutes. The platelets 
were about 100,000 per ¢.mm. 

Course of Illness. The patient received Roentgen ray treatment over 
the spleen consisting of 200 r. units daily, alternating anteriorly and poste- 
riorly for 8 days, making a total of 1600 r. units. Seven days after treat- 
ment was started, the laboratory data showed the bleeding time to be 
reduced to 8 minutes and the platelets increased to 500,000 per c.mm. One 
week later the laboratory data were essentially the same. 


Effect of Roentgen Ray Therapy on Patients With Chronic Throm- 
bocytopenia With Recurring Purpura. The course of illness in 2 of 
our patients was characterized by recurring purpura and various 
forms of treatment for the control of bleeding had been tried off 
and on over a period of 1 or more years. Such therapeutic agents 
were given as daily injections of liver extract (343 NNR), large 
doses of iron by mouth (iron and ammonium citrate, U.S. P., 6 gm. 
daily), calcium by mouth and a diet high in calcium, spleen marrow, 
lextron, pentnucleotide and multiple transfusions. The best results, 
so far as cessation of bleeding was concerned, were obtained from 

VoL. 191, No. 6.—sUNE, 1936 28 


| 

} 

| 

Ay 


SO? METTIER, STONE: 


repeated transfusions, but with any of the methods there was little 
or no actual increase in the total number of platelets. 

In Fig. 6 are shown a summary of the treatment and the graphic 
presentation of the platelets of a patient (Case 5) who was observed 
over a period of 22 months. ‘The platelets during this time varied 
between 40,000 and SO,000 per c.mm., going as high as 120,000 on 
one occasion after 5 transfusions of whole blood. It is to be noted 
in the figure that following Roentgen ray treatment over the spleen 
this patient’s platelets rose to a peak of 270,000 per c.nmm.  Coin- 
cident with this, the loss of blood from the gums stopped and the 
petechial hemorrhages which had accompanied the thrombocyto- 
penia gradually faded. In addition, a specimen of blood coagulated 
within normal time and soon after developed a firm retractile clot. 
It is of interest to note, however, that the platelets did not remain 
at a high level, but 6 weeks after treatment was first started had 
returned to a low figure of 120,000 per c.mm. 

The diagnosis of the disease from which this patient (Case 5) 
and the following one (Case 6) suffered is not clear-cut, but the 
data suggest that of chronic thrombocytopenic purpura with 
anemia, rather than chronic aplastic anemia, aleukemic leukemia, 
or depressed marrow function as a result of infection or neoplasm. 

In Fig. 7 is recorded the course of the platelets in a patient 
(Case 6), aged 4 vears, who had had recurring attacks of thrombo- 
cytopenia and purpura while under observation for a year. During 
this time small transfusions of whole blood given at frequent inter- 
vals on 3 different occasions and finally splenectomy caused a rise 
in platelets from about 40,000 to as high as 80,000 per c.mm. It 
was at first thought that the patient had an accessory spleen which 
might account for the recurrence of symptoms after splenectomy, 
and, with this in mind, it was decided to give him Roentgen ray 
radiation over the abdomen. This was not done, however, and in 
its stead treatment was directed over the long bones. In Fig. 7 
it is to be noted that a sharp rise in platelets from a low level of 
60,000 per c.mm. occurred soon after treatment was started and 
within 9 days reached a peak of 270,000. As in the previous case, 
however, the platelets began to decrease after treatment was 
stopped. 

Protocol. Case 5.—J. S., a married male, aged 60, was first seen, 
February 3, 1935, and has been under observation since that time. He 
has had recurring attacks of epistaxis, bleeding from the gums, petechial 
hemorrhages in the skin, and had noticed that he bruised easily with slight 
trauma. He has also had symptoms of dyspnea and palpitation following 
exertion. 

Physical Examination. A moderately obese, well-developed, pale man 
of stated age. There were no enlarged lymph glands and the spleen was 
not enlarged. There was no evidence of heart disease. During the past 
2 years, the number of red blood cells varied between 750,000 and 3,000,000 
per ¢.mm., and the percentage of hemoglobin varied between 10 and 75% 
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(Sahl). The number of leukocytes varied between 2000 and 6000 per 
c.mm. Repeated differential counts revealed normal percentages, with 
the exception of the presence of from 1 to 5°; myelocytes and from 10 to 
20°, of non-filament cells. Rarely was a cell similar to a myeloblast Pee 
observed. The percentage of the reticulocytes was always slightly in- be 
creased, the highest figure being 6 and the lowest 2. The blood platelets es 
were reduced and varied in numbers from 40,000 to 100,000 per c.mm. a 
The bleeding time was over 25 minutes and many petechial hemorrhages 
appeared after the tourniquet test. Coagulation time was 4} minutes, but 
the clot was friable and did not retract. 

Course of Illness. The Roentgen ray therapy, consisting of a total of 
1200 r. units, and the course of the platelets in this patient are recorded 
in Fig. 6. 
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Fic. 6.—Showing the negative effect of various therapeutic measures on platelet 


production in a patient (Case 5) with chronic thrombocytopenia but a definite increase 
after Roentgen ray radiation 


Case 6.*—R.S., a boy, aged 6, was first seen, January 9, 1934, com- 
plaining of slight epistaxis and bruising of the skin of 2 years’ duration. 
Physical Examination. The patient was undernourished and there were 
fading ecchymoses in the skin. The spleen was slightly enlarged. 

Laboratory Data. Examination of the blood at frequent intervals during 


the past year showed a variation in the number of red blood cells between 
a level of 1,000,000 to 3,000,000. The white blood cells fluctuated between 
rE 1200 and 8000. Repeated differential counts revealed normal percentages 

of the various white blood cells. Prior to Roentgen ray therapy, the 
4 platelets were markedly reduced and varied in numbers between 30,000 
and 100,000 per ¢.mm. The capillary clotting time was 10 minutes. The 
clot did not retract. 
' Course of Illness. Various therapeutic agents and multiple transfusions 


were tried on this patient without definite effect on the platelet count. 
Cessation of the hemorrhagic tendency did occur for short periods of time 
after transfusion. Finally, the patient was given transfusions in the 
amount of 200 cc. of whole blood daily for 6 days, followed by the removal 
of the spleen. The platelets at this time were 80,000 per c.mm., and 


* The authors wish to thank Dr. F. 8. Smyth, of the Division of Pediatrics for 
permission to study this patient. 
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within 2 months had dropped to less than 60,000 per c.mm. It was con- 
sidered advisable at this time to give the patient Roentgen ray treatment 
over the long bones. Data relative to treatment and the platelets in this 
patient are reported in Fig. 7. 


40000 
Feb Mach April Mey June July Aug Sept Oct Nox Dec fob Mar 
T:Transtusion S*Splenectomy P:+Pentnucleotide a X-Ray Therapy 
Fic. 7.—Showing a moderate increase in platelets in a patient (Case 6) following 
multiple transfusions; no effect after splenectomy but a marked rise after Roentgen 
ray of the long bones. 


TaBLE 1.—SHow1nG Laporatory Data AND Course OF ILLNESS ON CASE 7. 


Name: Mr. R. H. Age: 40 Sex: o 
Diagnosis: Idiopathic Purpura Hemmorhagica (Fulminating Type) 


Date R.B.C. Heb. °> Gm. Platelets W.B.C. X-Ray Notes 

1-5-35 4.81 94-13.1 40,000 12,800 x Bleeding time 14} 
minutes +. Co- 
agulation time 
S minutes. 


1-77-35 2.35 54-7 .6 20,000 21,800 x P.M. 200° ee, 
4 P.M. 2.23 43-60 30,000 transfusion. 
1-8-35 2.04 32-4.5 None seen 20,100 x Splenectomy 
9 A.M. in counting 1:30 P.M. 
chamber 
2.00 1 45 35-5 .0 30,000 70,400 a Count made 5 
P.M. minutes after 
splenic vessels 
clamped. 
4.10 1.38 32-4.5 78,000 pes P Patient died 12 
P.M. o’clock midnight 


The Ineffectiveness of Therapy in Acute Fulminating Purpura. 
In Table 1 are presented the data on a middle-aged man (Case 7), 
who entered the hospital with an acute type of idiopathic purpura 
hwmorrhagica progressing to a fatal termination. It is to be 
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noted that at the time of entry this patient's red blood cells and 
hemoglobin were within normal limits, but there was a marked 
reduction in the number of platelets. Roentgen ray therapy was 
given to this patient in the same way it was given to the others. 
Despite this régime, however, there was a progression of the hemor- 
rhagic tendency and the rapid development of a severe anemia. 
Finally, splenectomy was performed and was followed 12 hours 
later by the death of the patient from hemorrhage. 


Protocol. (Ase 7.—R. H., a man, aged 40, entered the University of 
California Hospital, January 4, 1935, complaining of bleeding from the 
nose and gums and of bloody urine. The day prior to entry the patient 
awakened in the morning and found his mouth full of blood. He went to 
a physician who told him that he was bleeding from the nose and gums. 
During the night he noticed, for the first time, bloody urine. His occupa- 
tion was that of a salesman, and he knew of no exposure to benzol, arsenic, 
lead or other heavy metal or Roentgen ray. The only drug consumed 
Was aspirin, in daily amounts of 10 to 20 grains, at varying intervals during 
the past 3 weeks. Three weeks prior to the present illness he had had an 
upper respiratory infection, but there were no symptoms referable to this 
condition during the past week. There was no past history of bruising 
easily or of prolonged bleeding. 

Physical Examination. The patient was well developed and nourished, 
quite apprehensive and showed continuous bleeding from the nose and 
gums, and there were large hemorrhagic blebs beneath the mucous mem- 
brane of the mouth. Seattered over the entire body were petechial hemor- 
rhages and small ecchymoses. No enlarged glands could be felt and the 
spleen was not enlarged to palpation. The tourniquet test was markedly 
positive for petechial hemorrhages. 

The laboratory data and the course of the disease for this patient are 
shown in Table 1. It is to be noted that in spite of Roentgen ray therapy, 
transfusion and splenectomy, the disease was progressive and the patient 
died 5 days after the onset of illness. 


Discussion. [rom our observations presented here, it appears 
that by Roentgen ray radiation in adequate dosage over the spleen 
or long bones, an increase in blood platelets will occur in patients 
with essential thrombocytopenic purpura hemorrhagica. Accom- 
panying this there is a cessation of bleeding and a disappearance of 
the hemorrhagic tendency. 

It is difficult to explain this phenomenon adequately. The rise 
in platelets begins soon after 1 or 2 treatments and, accordingly, 
before a sufficient number of radiations have been given to cause 
marked destruction of splenic tissue. Apparently, the reaction is 
not one of so-called “Roentgen ray splenectomy,” and, therefore, 
the response is not similar to the thrombocytosis that follows surgical 
removal of the spleen. 

One of the theories concerning causation of thrombocytopenia 
is that of phagocytosis of platelets by cells of the reticulo-endothelial 
system. In view of this idea, it may be suggested that Roentgen 
‘ay radiation either prevents the continuation of this process or 


causes a release of platelets already engulfed. 
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There is now considerable evidence": "7 at hand to support Wright’s 
theory that the megakaryocytes of the bone marrow are chiefly 
concerned in the production and release of the blood platelets. We 
have insufficient data to prove that platelet production following 
radiation is a result of increased activity of the megakaryocytes. 
Since treatment was directed over the spleen in all of our patients 
with but one exception, there is very little to suggest any direct 
effect of this form of therapy upon the megakaryocytes. Further 
work is indicated wherein studies on bone marrow removed by 
biopsy from patients under treatment may be correlated with 
platelet production. 

It is quite evident from our results that Roentgen ray therapy 
is not entirely satisfactory so far as curative results are concerned. 
In some of our patients a recurrence of symptoms appeared from 
| to7 months after treatment was stopped. It is to be emphasized, 
however, that a rise in blood platelets did occur in 6 out of 7 of our 
patients. 

Summary and Conclusions. Seven patients with essential throm- 
boeytopenic purpura comprised, a series for study on the effect of 
Roentgen ray therapy in platelet production. Prior to treatment 
the platelets were about 10,000 per ¢.mm. in 1 patient and varied 
between this figure and 40,000 in the others. Six patients received 
Roentgen ray therapy over the spleen and | over the long bones in 
doses of 200 r. units. Two patients had a recurrence of symptoms 
and were given 300 r. units during a second course of treatment. 
The patients received a total of from 1200 to 3300 r. units. Six 
of these patients showed an increase in platelets, beginning within 
24 to 48 hours, going up to as high as 250,000 to 500,000 per ¢.mm. 
in 9 days. In 1 patient with chronic thrombocytopenia of 2 vears’ 
duration, no effect was shown following liver extract therapy, 
multiple transfusions, large doses of iron and ammonium citrate 
daily, high-caleitum diet, spleen marrow or lextron, but a definite 
rise in platelets occurred following Roentgen ray treatment. In 
1 patient a high-protein diet failed to increase the platelets, but 
there was a rise after Roentgen ray treatment. In another patient 
there was a recurrence of symptoms following splenectomy and an 
increase in platelets was stimulated by Roentgen-ray therapy over 
the long bones. In still another patient no increase of platelets 
was produced by Roentgen ray or splenectomy and the patient died 
as the result of hemorrhage. 

It is concluded from these studies that Roentgen ray radiation 
of the spleen in doses of from 200 to 300 r. units will cause an increase 
in blood platelets in patients with idiopathic thrombocytopenic 
purpura hemorrhagica. 
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POSTOPERATIVE RESPIRATORY COMPLICATIONS: OCCUR- 
RENCE FOLLOWING 7874 ANESTHESIAS. 
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i NEW YORK CITY. 
F (From the Department of Anesthesia, University of Wisconsin Medical School.) 
PULMONARY complications following anesthesia with certain of 
| é the agents, have been thought to greatly exceed such complications 
: after the use of other agents. Writers have pointed out anadvantage 


with nitrous oxid, spinal and other anesthetic drugs since they are 
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not irritant to the respiratory tract and do not increase secretions. 
Too often such reports have not been substantiated by accurate, 
arefully collected statistics. They may merely represent the 
author’s impression or may consider one single factor, namely the 
agent. It has been a firm conviction in this clinic that other 
factors such as the ability of the surgeon and anesthetist, the anes- 
thetic technique, the time required for operation, the depth of 
narcosis and many other circumstances should be taken into account 
in evaluating postoperative morbidity and mortality. It was to 
correlate the majority of the factors common to surgical procedures 
and learn their influence on postoperative pulmonary complications 
that the present study was undertaken. 

It is readily agreed that statistics are not infallible but if they 
are carefully recorded and tabulated they offer a worthy substitute 
for vague conclusions which cannot be verified by records. The 
statistics in this report were compiled from the records completed 
during the calendar years 1933-1934. They represent the first 
2 year’s experience with an improved anesthetic record system 
at the Wisconsin General Hospital.’ 

All anesthetics included in this report were administered by 
members of the Department of Anesthesia. Minor operations com- 
pleted with local infiltration anesthesia by the surgeon are not con- 
sidered. Senior medical students who spend | week on the service, 
interns for the month of their rotating service spent in anesthesia, 
residents of 1 or 2 years’ experience, the assistants and the chief 
of the service comprise this department. The surgery was performed 
by the same staff under similar conditions in a single hospital. 
The anesthetic agents included were those in common use: ether, 
nitrous oxid (N.O), ethylene (C.H,), tribromethanol (T. B. E.), 
procain, together with cyclopropane (C;H,) an experimental drug 
unfamiliar to the staff before 1933. Chloroform, barbituric acid 
derivatives and other drugs used in less than 100 cases were not 
included. 

The statistics were carefully collected by the anesthetic depart- 
ment after a definite scheme. The patient was visited before opera- 
tion and the clinical record examined. The patient was seen post- 
operatively on the third to fifth day. [If complications were present, 
later visits were made. Finally the case was reviewed to complete 
the record at time of discharge or death. Such data were trans- 
ferred to a punch card and tabulated by machine.' 

Premedication varied little. Morphin and scopolamin were given 
to most of the cases. A barbituric acid derivative was given to 
patients when procain anesthesia was anticipated. Atropin was 
used occasionally. Obstetrical cases, infants, and some others 
usually had no premedication. 

Table 1 lists the complications considered in this report. The 
number of times each complication was noted and the percentage 


d 

z 


e 


POSTOPERATIVE RESPIRATORY COMPLICATIONS S09 


incidence are listed. No effort has been made to differentiate com- 
plications as due to surgery, anesthesia or the preéxisting condition 
of the patient. A very liberal interpretation of complications was 
made. None were omitted. Respiratory complications present 
before operation were not listed as postoperative complications 
in those cases where surgery Was undertaken as a treatment for the 
condition. For example, a patient with pulmonary tuberculosis 
treated by thoracoplasty was not considered as having tuberculosis 
as a postoperative complication. Tlowever, a patient coming to 
surgery with pharyngitis or cough was recorded as having pharyn- 
gitis or cough postoperatively if the condition was aggravated by 
surgery or in any way complicated convalescence. The item ‘‘sore 
throat” in Table | was used to designate resulting trauma in cases 
anesthetized by endotracheal technique. ‘The same complication 
following the use of any other technique was listed as laryngitis. 


TABLE Respiratory COMPLICATIONS IN 7S74 ANESTHESIAS. 


Percentage ot 


Compl itions No all « 
Pneumonia, lobar and bronchial 9 0.60 
Pneumonia, hypostatic Ss 0.10 
Pneumonia, tuberculosis 2 0. 02 
Collapse, partial 22 0.30 
Collapse, massive 13 0 20 
Bronchitis 22 0.30 
Laryngitis 144 1 
Cough, slight 287 3.60 
Cough, severe SY 1.10 
Hiccough 40 
Obstruction, upper respiratory $2 0 40 
Rhinitis 27 0 30 
Pleurisy 11 0.10 
Sore throat * 33 0 40 
Miscellaneous 24 0 30 
All respiratory complications 6.00 


* Endotracheal anesthesia only. 


The time of occurrence of the complications shown in Table 1 
varied greatly. The postoperative period was not limited to any 
definite number of days. A pneumonia developing on the fourteenth 
day following inguinal herniorrhaphy would be included, while 
the same complication occurring as a terminal event months after 
a celiotomy in an inoperable carcinoma case would be excluded and 
the cause of death given as carcinoma. An effort was made to 
include every major and minor respiratory complication that might 
possibly be related to the surgical procedures regardless of when 
it occurred. 

Figure | graphically represents the percentage incidence of respira- 
tory complications for each month of the year. During the first 
year of the study an attempt was made to correlate respiratory 
complications with average temperatures and humidities. Post- 
operative complications could not be anticipated from existing 
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weather conditions. Certain factors such as a severe dust storm 
during July, 1934, may explain an increase of respiratory complica- 
tions that month. 


Jan. Feb Mar. 


Fic. 1.— Percentage incidence of respiratory complications for each month. 


It was definitely established for the vear 1933 that the incidence 
of postoperative respiratory complications was greater during the 
same months that respiratory diseases had an increased prevalence 
among university students as shown by student health records. 


All Cases Pharyngitis Oral Sepsis Emphyserna Cough 


Fig. 2.-—-The percentage incidence of postoperative respiratory complications in 
patients with certain pre-operative conditions diagnosed. 


, The significance of the preoperative respiratory conditions of 
patients operated upon is evident in Fig. 2. In this series 60% of all 
cases anesthetized developed some minor or major respiratory com- 
plication following operation. Those patients having pharyngitis, 
acute or chronic, before operation, showed a total incidence of more 
than 10° of postoperative respiratory complications. If oral sepsis 
was present, the incidence was nearly double that of all cases, while 
in cases having a cough, over 25° had the postoperative convales- 
cence complicated by some respiratory abnormality. 
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A comparison of the complications following the use of various 
agents is shown in Fig. 5, and the different complications for these 
agents are listed in Table 2. That fewer complications would follow 


ndo 


Block tracheal 


Obstetric Open Drop Rectal Spinal Absorber 


Fic, 3.—The number of anesthesias with each agent and the comparison of the post- 
operative respiratory complications represented graphically in percentages. 


the use of nitrous oxid was expected since that agent was used in 
obstetrical analgesia, in dental extractions and in many superficial 
operations. Tribromethanol was used almost exclusively in good 
risk patients for ocular surgery, and was given only 215 times. 


TABLE With Eacn AGENT. 
NO, C2H,, Ether, CHe, Proc., | T.B.E., 


None 94.50 86.10) 92.20. 93.50 92.00 94.30 
Pneumonia, lobar and bronchial 0.31 0.30 0.24 0.41 0.72 0.47 
Pneumonia, hypostatic 0.10 0 0.30 0.03 0.38 0 
Collapse, partial 0.21 0 61 0.438 0.16 0.12 i) 
Collapse, massive 0 0.10 0.30; 0.12 0 0 
Bronchitis. 0.10 0.51 0.28 0 0 
Laryngitis . 2.40 2.00 1 S80 190 OS 
Cough =. : 2.40 6.40 6 20 3.60 5.16 2.30 
Hiccough 0.10 0.38 O.80! 0.28 1.07 0 
Obstruction, upper respiratory 0.31 0 71 0.90 0.22 0.12 0 
Rhinitis. . 0.41 0 61 0.51 0.19 | 0.48! 0.47 
Pleurisy . .. 0.21 0 0.30 0.12 0.38 0 


A comparison of the seriousness of the risks done with each agent 
is shown in Table 3. Anesthetic risks were classified as follows: 
“Emergency” patients who, previous to operation, had insufficient 
clinical examinations to permit a feasible estimation of the risk. 
“A”’— Patients in excellent physical condition to undergo a minor 
operation. “B’’— Patients in good physical condition who are to 


ig 
; Cases 
211 €29 213 536 51 2c 9 720 
4 
} 
8 + + + + + + + + + t + + + + # pi 
7 
| 2 
2 
z 
j 
H 
2 


812 ROVENSTINE, TAYLOR: 


undergo a serious operation, or those whose physical condition is 
impaired but a minor procedure contemplated. “C’’— Patients 
who have a definite organic lesion or lesions other than that for 
which a serious operation is to be undertaken but which should not 
be expected to be fatal in the near future. “D"— Patients with a 
very serious physical handicap which might prove fatal in the not 
distant future, and are to have an operative procedure of an ex- 
tremely serious nature. “TD — Patients whose condition is desper- 
ate, where the possibility of death at operation is not remote, and 
without operation is likely. Table 8 shows that the larger per cent 
of the serious risks were done with cyclopropane, ethylene and ether 
in the order named. 


TABLE 3.—ANESTHETIC Risks AGENT. 


Agent Emergency \ B Cc I) Db 
11.7 jou 16 0 0 41 
CoH, 9 4 69 1.02 
Ether 17.2 10.7 39.7 25.5 60 0 S83 
C3He 16 4 15 8.7 1 50 
Procain §.7 5.2 11 1 2.9 0 48 
Tribromethanol 16.2 5.6 50.2 21.1 oS 0 
Total . 17.5 8.4 36.8 29 6 7.2 0.49 


Figure 4 compares the complications for the various risks. Two- 
thirds of the patients were in the “B” and “C” classification. Very 
few were in the “DID” group (Table 3). 
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Fic. 4.—Postoperative respiratory complications found in different surgical risks 


The anesthetic agents employed for the different surgical pro- 
cedures are shown in Table 4. General surgery, including thyroid 
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and central nervous system operations, was more often accomplished 
with cyclopropane, ether and ethylene. A large per cent of nose 
and throat operations were done with ether, since tonsillectomies 
for children are included. In each case, the agent producing the 
more profound degree of narcosis is credited as the anesthetic for 
that operation. A nitrous oxid-ether sequence was considered an 
ether anesthesia. Likewise if ether was used to facilitate tracheal 
intubation and the anesthesia maintained with ethylene or nitrous 
oxid, the case was recorded as an ether anesthesia. If tribromethanol 
was used and supplemented by a gaseous agent, the former received 
credit for the case. 


4.—AGentTs Usep ror DIFFERENT SERVICES. 


Agents 
Operation 
N20. Ether. CHCh. CsHe Proc. T.B.E. Others. Total 


General surgery 241 156 1190) «413 9 16 2704 
Orthopedic 134 279 289 l 729 i 0 2 1478 
Gynecologic 272 | 188 210 0 744 S 5 76 1503 
Obstetric 211 33 10 0 62 1 0 0 317 
Genito-urinary 23 13 42 0 214 341 6 0 669 
Ear, nose and throat 10 16 107 3 66 0 1 2 505 
Eye ae 16 2 13 0 33 0 ISS 2 251 
Plastic .. 7 1S 166 1 75 l 4 0 .| 22 
Dental . ... 39 22 9S 0 66 l 0 10 266 
Others 0 0 l 0 9 1 0 0 11 
Anesthesia only H 3 14 0 15 9 3 l 19 


Figure 5 compares the percentage incidence of respiratory compli- 
cations following the use of various anesthetic techniques. It 
might be expected that few complications would follow the inter- 
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Fic. 5.—The percentage incidence of postoperative respiratory complications 
following the different anesthetic methods employed. The number of cases anesthet- 
ized by each technique is shown. 


mittent use of gas in obstetrical cases and this was found to be true. 
The open drop ether anesthesias were, in more than 60% of the 
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cases, done for tonsillectomies in children. The technique was not 
used for abdominal surgery and never selected when a serious risk 
was undertaken. The rectal technique was used for tribromethanol 
anesthesia, and in more than 90; of the cases, for ocular surgery. 
Spinal technique was more often chosen for genito-urinary surgery. 
Some lower and upper abdominal cases were anesthetized by intra- 
dural injections, but the technique was avoided in celiotomies if the 
patient was considered more than a ““C” risk. Patients anesthetized 
by regional block presented, in a large per cent of the cases, serious 
circulatory or other complications, as for example, transurethral 


prostatic resections in aged men with advanced circulatory path- 


Tasie 5.--Cases ANESTHETIZED BY THE ENDOTRACHEAL TECHNIQUE. 


Risks 


Surgery 

Dental. 160 34 15 75 35 ] 0 
Ear, nose and throat 25 6 l 7 0 0 
Plastic St 15 l 19 20 l 0 
Eye 2 2 0 7 3 0 0 
Kidney 6 0 0 2 3 0 1 
Gynecologic laparotomy 26 l l 13 12 0 0 
Craniotomy 63 2 0 0 Is 41 3 
Thyroid 12 2 0 2 5 2 l 
Thoracic Ss 0 0 0 l 7 0 
Gall bladder 57 5 0 5 3 4 0 
Gastro-intestinal 112 } l 13 16 16 0 
Hernia 15 l 0 5 9 0 0 
Rectal 12 0 0 l 1 7 0 
Laminectomy 29 2 1 | 16 5 4 
Bone and joint 20 5 11 0 
Others ; 73 7 2 23 30 9 2 
Total cases. 722 SO 23 211 267 124 11 
Per cent of total cases i.o' 3.2 | 30.2) 3.9 | 17.1 1.5 


ology. The remainder were minor operative procedures and rectal 
operations. Open gas technique (mask with exhalation valve and 
partial rebreathing) was not often used. Jt was never selected for 
serious operations. The incidence of complications may be unfair 
to this technique since the series is so small. Carbon dioxid absorp- 
tion technique? was used for the majority of administrations. When 
endotracheal intubation is to be done, the tracheal airway merely 
replaces the face mask in the absorption technique. Endotracheal 
intubation is rarely used for other than serious risks except in 
intraoral surgery and exodontia. Surgery of the central nervous 
system, gastro-intestinal tract and gall bladder comprise the major- 


¥ 


POSTOPERATIVE RESPIRATORY COMPLICATIONS S15 


itv of the cases. That the more serious and complicated surgical 
procedures are accomplished with endotracheal anesthesia is evi- 
dent in Table 5 which lists the surgery, number of cases, and risk 
for that technique. 


NHALATION SPINAL 
7 ANESTHESIA ANESTHESIA 
13 
11 
Ana'gesia Plane 1 Plane 2 Plane 3 Plane 4 Intercostal Paralysis 
No Yes 


Fic. 6. - Percentage incidence of postoperative respiratory complications for the 
different planes of anesthesia. In spinal anesthesia the cases with paralysis of the 
intercostal muscles are compared with those where no such paralysis occurred. 
Regional anesthesias other than spinal block are omitted. 


That the degree of narcosis is a factor effecting postoperative 
morbidity is indicated in Fig. 6. Stages of anesthesia after the clas- 
sification of Guedel were used. The planes shown in the graph are 
of the third stage. When using cyclopropane, the differentiation of 
Planes 3 and 4 was impossible. The latter plane of anesthesia was 
then considered to be that degree of narcosis where respiration was 
entirely passive or accomplished by the anesthetist. This corre- 
sponds to Stage 4 in Guedel’s classification. ‘The most profound 
degree of narcosis during the operation was considered as the plane 
of anesthesia for that case. Planes | and 2 were, of course, more 
often used for superficial operations, but many serious procedures 
such as central nervous system, thyroid and kidney operations 
were invariably done with this lighter anesthesia. Although Planes 
3 and 4 were more often used for abdominal surgery, there were 
many of these operations accomplished in Plane 2. The individual 
preference of the surgeon was most often the anesthetist’s guide 
to the depth of anesthesia required. When subarachnoid bleck 
was accomplished without disturbance of intercostal activity, the 
per cent of postoperative respiratory complications was less than 
one-half that found when the anesthesia produced intercostal muscle 
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paralysis. In the latter group, however, were operations inlvoving 
the upper abdomen. 

Figure 7 represents a consideration of the influence of the operat- 
ing time on respiratory sequelle. Fifteen per cent of the nitrous 
oxid anesthesias, 30°% of those with ethylene, 32% with ether and 
45% with cyclopropane were for 60 minutes or more. Age and sex 
influenced the incidence of morbidity. Males developed some respir- 
atory complication more often than females, the ratio for 1 year 
being 1.3 to 1. Infants under | year had fewer complications than 
any age group while adults suffered most often. 


% 
40 


30 


-30 31-60 61-90 91-120 121-180 181-240 Over 240 
Time of Operation in Minutes 


Fic. 7.—All operations. were grouped according to the duration. The occurrence 
of postoperative respiratory complications for each group is graphically represented 
in percentages. 

The statistics in Table 6 were of particular interest to the anes- 
thesia staff since the postoperative morbidity for the individual 
anesthetists was compared. The contention that the ability, train- 


TABLE 6.—COMPLICATIONS FOR INDIVIDUAL ANESTHETISTS COMPARED. 


All respiratory 


Anesthetist. Collapse Pneumonia ; 2 

complications 
No. Cases Ether. C He Ether Ether 
1 934 | 1.30 0.36 0.77 0. 54 4.98 9.2 
2 716 1.14 0.00 0.72 0.68 12.70 6.8 
3 399 | 3.60 0.55 0.92 1.10 12.30 9.9 
4 655 | 0.72 0.58 0.72 0 30 S.70 6.1 
5 762 | 2.50 0.33 1.80 0.67 17.80 9.9 
6 615 | O85 0 20 0 0.40 2 60 6.0 
7 296 | 0 0 2.40 1.50 9.70 8.6 
147 | 0 0 0 0.90 5.50 8.1 
9 273 «| «2.80 0.42 0 0.42 5.50 7.1 


ing and experience of the anesthetist is the most important factor 
influencing anesthetic morbidity and mortality is not disproved by 
these data. In the table, Anesthetist 5 had the larger experience 
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and was assigned a large number of serious and difficult cases. 
Many of his anesthesias were given by medical students under super- 
vision. Maintenance and recovery were not always adroitly con- 
summated and this is evident from the data. Anesthetist 1 had 
more training than any other except 5. Many grave risks were 
allotted to him; 2, 3, and 6 had a similar amount of training. They 
were assigned routine cases. Anesthetists 4, 7, 8 and 9 had the 
least clinical work, but were given good risk cases that were not 
technically complicated. The results for ether and cyclopropane 
anesthesias are recorded. Although this table contains data con- 
cerning all respiratory complications and specifically pneumonias 
and collapse, comparable results were registered in the incidence 
of nausea and emesis and circulatory and other complications. 


7.—Deatrus From Resprrarory Causes IN VARIOUS SERVICES. 


Respiratory deaths 


Surgical service Potal 
cnuses No Per cent 
Orthopedic, minor SSO l 0.1 
Herniorrhaphy, ventral and inguinal 107 2 0.5 
Vaginal operation 935 2 0.2 
Abdominal, lower aoe 7 07 
Ophthalmology 254 04 
Plastic 174 O4 
Urology SSS 1.0 
Thoracic 194 6 1 
Orthopedic, major 57S 2 
Ear, nose and throat 14 3 06 
Abdominal, upper 176 
Central nervous system 95 Ss S.4 


TABLE 


Total cases anesthetized 7874 
Total deaths (all causes 293 (3.72%) 
Respiratory deaths 17 (0.59%) 
Cause of respiratory deaths No Ne CoH, CH, Ether Proc T.B.E 
Pneumonia . . ... 31 2 5 9 11 3 1 
Collapse “Let oe 3 0 1 2 0 0 
Embolus .. H 0 0 l l 2 0 
Others : 9 3 2 1 3 0 0 
Total deaths 17 5 7 12 17 5 1 
Total cases 7874 957 974 3103 1696 S31 213 
Time of death OD 1-3 P.O.D. 4-7 P.O.D. 2d wk Later 
Pneumonia 0 1 S 5 16 
Collapse 0 l 1 1 0 
Others ; 1 5 3 2 3 
Total . 1 7 12 19 
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In ‘Table 7, the respiratory mortality for the series is recorded 
with the type of operation after which deaths occurred. The cause 
and time of death as well as the agent used is shown in Table 8. 
The group listed as “Others” includes aspiration of vomitus, foreign 
body, pulmonary edema, suffocation, and an accident. 

Comment and Summary. It is of course impossible to give in 
detail all the minor and major respiratory complications found 
following 7874 operations. Primary attention has been given to 
anesthesia as contributing to the postoperative morbidity. Although 
a relatively small number of cases is reported, the data indicate 
several factors that merit consideration if such morbidity is to be 
reduced. 

The marked seasonal variation is contingent upon the prevalence 
of respiratory diseases in the population outside the hospital. 
Other factors appear of less importance. It has been found advisable 
in this hospital during the months with a high incidence of respira- 
tory infections to omit certain elective operative procedures, par- 
ticularly plastic operations upon infants. 

The presence of any respiratory tract infection, even mild pharyn- 
gitis or oral sepsis substantially increases the incidence of post- 
operative respiratory infections. 

The influence of the anesthetic agent was not marked in this 
series. A careful selection of agents was practiced and comparable 
morbidity results secured with each. 

Anesthesia technique was a more important factor but the inci- 
dence of complications more nearly paralleled the surgical procedure 
involved. When using intermittent analgesia for obstetrics and 
open drop for tonsillectomies, complications were rare. 

The pre-operative risk classification gave the most accurate index 
of postoperative morbidity expectancy. The increase in respiratory 
complications Was in direct proportion to the seriousness of the risk. 

The degree of narcosis distinctly affected the percentage of compli- 
ations. Evidently surgical procedures that can be well executed 
with first plane anesthesia should not have more profound narcosis. 
The training and skill of the individual surgeon will be the deter- 
mining factor in the degree of narcosis required. Spinal anesthesia 
without intercostal muscle paralysis accounted for less than one- 
half as many complications as did the same procedure when the 
intercostal muscles were paralyzed. 

The most striking influence upon postoperative respiratory com- 
plications was shown by the duration of operation. Whereas 
operations lasting 1 hour or less have a morbidity incidence less 
than the average for the group, the ratio for procedures requiring 
a longer time increases markedly. When the duration was | to 13 
hours, the respiratory complications doubled those of | hour. When 
2 hours were needed, the percentage of complications was more than 
3 times that of 1 hour. In procedures lasting % hours, more than 
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310, of the patients had some respiratory complication. The group 
requiring more than 4 hours had the highest incidence of respiratory 
complication. Despite the seriousness of the longer surgical manip- 
ulations and the grave risks encountered in the majority of them, 
duration of operation alone appears to be a definite factor influencing 
respiratory morbidity. 

That the ability, training and experience of the anesthetist 
modifies morbidity is well shown in these statistics. Teaching 
students and training anesthetists will be accomplished by an 
increase In postoperative complications. 
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THE LAG PHASE IN EARLY CONGENITAL OSSEOUS SYPHILIS. 
A ROENTGENOGRAPHIC STUDY. 


By Nokman R. INGRAnAM, Jr., M.D., 

ASSISTANT INSTRUCTOR IN DERMATOLOGY AND SYPHILOLOGY, SCHOOL OF MEDICINE, 
UNIVERSITY OF PENNSYLVANIA; ASSISTANT PHYSICIAN TO THE PRENATAL CLINIC, 
DEPARTMENT OF GYNECOLOGY AND OBSTETRICS, PHILADELPHIA 
GENERAL HOSPITAL, PHILADELPHIA, PA. 


THe value of any diagnostic procedure depends primarily upon 
its specificity, upon the relative frequency of its occurrence as 
compared with the total incidence of the disease in question, and 
upon the time interval necessary for its development after the 
morbid state is produced. Roentgenologists are universally agreed 
that the osteochondritis and periostitis which characterize infantile 
congenital syphilis can, in their typical forms, be confused with no 
other osseous lesion, and it is the experience of most that nearly 
100% will develop bone changes diagnostic of this disease at some 
time within the first 6 months of postnatal life.’ On the other 
hand, there seems to be no working criterion by means of which 
it is possible to determine exactly when the lesions in question 
are likely to appear in any given case and, since roentgenographic 
examination is a relatively expensive procedure, it is ordinarily 
impractical to make repeated Roentgen ray studies until the posi- 
tive changes finally make their appearance, or until the presence 
of the disease is satisfactorily ruled out by their failure to develop. 
An attempt to establish the importance of some of the factors 
causing these individual variations may prove useful for developing 
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a rational and at the same time economical approach to the roent- 
genographic diagnosis of infantile congenital syphilis. 

Most roentgenologists and pathologists who have studied the 
problem of early congenital bone syphilis have been impressed with 
the fact that the osteochondritis occurring in the metaphyseal 
growing centers of the bones of syphilitic infants is a phenomenon 
of fetal and of early postnatal life, and that periostitis in these 
cases, seldom present at the time of birth, is ordinarily at its height 
from the second to the fifth months of extrauterine life.) 7~'’ Péhu, 
Policard and their associates':*:'' have especially insisted upon 
this classification. Exceptions to these general tendencies are com- 
mon, however, and it is not especially unusual to find syphilitic 
periostitis in a fetus stillborn at or near term,®: ” nor is it uncommon 
for a syphilitic infant to have roentgenographically normal bones 
at the time of birth, only to develop diagnostic osseous lesions 
some few weeks or months thereafter.*: * 

The comparative ease with which spirochetes are demonstrated 
in the syphilitic placenta’ and in the organs of infants which 
succumb to this infection": ' would indicate that fetal syphilis 
is a more virulent disease than is ordinarily encountered in adult 
life. Whether this massive infection is the result of the repeated 
transfer of spirochetes from the maternal to the fetal circulation in 
the placenta over a period of months, whether it arises from rapid 
multiplication of the microérganism because ‘the resistance of the 
embryo is low, or whether it is attendant on other circumstances 
of fetal development, it is probable that these factors just mentioned, 
since they affect all embryos similarly, have less to do with deter- 
mining when the bone lesions will appear than has the actual time 
in intrauterine life in which the infection takes place. The fact 
that the offspring of syphilitic mothers are ordinarily inaccessible 
to study for some weeks or months after they have become diseased, 
has left the question of the duration of the disease in them at the 
time of birth largely a matter for conjecture. In addition, there is 
obviously a latent period from the time of spirochetal invasion 
until the impairment of bone development by the action of these 
microérganisms at the temporary zones of calcification has become 
sufficiently marked to affect the roentgenograph. An attempt to 
determine, as accurately as possible, this lag phase is the primary 
object of this study. For it is self-evident that if the latent period 
from the time of spirochetal invasion until the bone lesion becomes 
roentgenographically manifest is known, the approximate duration 
of the syphilitic infection in the child may be estimated with a 
reasonable degree of certitude. We have endeavored to attack the 
problem from several angles, checking one result against another 
in an effort to determine whether they coincided sufficiently to 
warrant any definite conclusions. Since the living human fetus 
cannot be studied adequately prenatally, the evidence brought 
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forth must be, in part at least, inferential, if the question is to be 
clarified at all. 

In this connection, attention should be directed toward the work 
of Alexander" and Harris,'’ Klaften and Priesel,'> the greater part 
of which we have been able to confirm. The former 2 observers 
pointed out that it is possible, in certain instances at least, where 
syphilitic osteochondritis is present at the time of birth, to estimate 
the approximate month in fetal life at which the first recognizable 
bone lesion appeared, by assuming that impaired osseous develop- 
ment results from then until the time of birth and by measuring 
the width of this bone scar on the diaphysis (Fig. 6). The latter 
investigators attempted to estimate the duration of the bone lesion 
at the time of birth inthe offspring of partially treated syphilitic 
mothers, utilizing the apparent fact that, if the child is infected 
before prenatal treatment is commenced, the bone development 
proceeds more or less normally after the onset of therapy, leaving 
bands of sclerosis, vestiges of the antecedent active infection on 
the shaft of the bones at varying and easily measured distances 
from the metaphyses. 

Material. Our material consists of 252 complete roentgenographic 
studies performed on the offspring of 131 syphilitic pregnancies 
which occurred in the Philadelphia General Hospital between 
December 1, 1935, and June 15, 1935. Each mother was carefully 
studied from the standpoint of this disease prenatally and post- 
natally, and the majority of the children were followed for a matter 
of several months, or at least long enough to confirm the roent- 
genographic studies by clinical and blood serologic examination. 
Few of the children received any antisyphilitic therapy during the 
period of observation, so the roentgenographic picture obtained 
resulted for the most part from the syphilis alone and was not the 
outcome of the combined changes produced by syphilis and therapy. 
The group of cases followed by serial studies is further highly selected 
in that only the infants who received little or no prenatal therapy 
and whose mothers were proven to have active early syphilis with 
strongly positive serologic reactions were considered. Accordingly, 
about one-half of the 25S syphilitic deliveries which occurred in 
the hospital in this period of time was thought suitable for the 
purposes of this study. The sole idea in thus selecting the cases 
was to obtain as high as possible a number of diseased children and 
thus of positive roentgenographs. 

The Fetus is Apparently Infected in the Latter Half of Pregnancy. 
As a preamble to the report of the actual results obtained, it is of 
considerable interest and importance to note what can be gleaned 
from the literature regarding the earliest recognizable fetal bone 
changes as compared with the earliest demonstrated syphilitic 
spirochetosis. Clinical and pathologic studies have indicated that 
syphilitic miscarriage is uncommon, if indeed it occurs at all, prior 
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to the 16th week of pregnancy.'’ For instance, it has been shown 
that spontaneous abortion (/.¢., miscarriage prior to the 4th 
month) is of no greater frequency among syphilitic than it is among 
non-syphilitic mothers. Similarly, late miscarriage has a notice- 
ably greater incidence among known syphilitic patients. Prenatal 
antisyphilitic therapy which, according to the best authorities,2’: 2! 
exerts its beneficent action principally by preventing the trans- 
placental transfer of spirochetes and not so much by treating an 
already infected fetus, can assure the birth of a healthy infant in 
almost 100% of cases if it is continued throughout the latter half 
of pregnancy only.2:*)** Griifenberg’ who has carefully studied 
the bacteriology of fetal syphilis and whose work has been confirmed 
by many European investigators and generally accepted,7~'’: * 
states that he could discover no embryo which contained spirochetes 
prior to the 16th week of fetal life. 

Assuming then, as seems justified, that the earliest fetal infection 
dates from the beginning of the 5th lunar month, let us see when, in 
embryonal life, syphilitic bone changes can first be recognized 
roentgenographically. Fraenkel was able to show a definite osteo- 
chondritis by this means in a 26 em. fetus; Alexander" discovered 
early osseous changes in fetuses 26.5, 27.5 and 28 em. in length. 
A 26 em. fetus is in its 6th lunar month of intrauterine life, 21 to 
22 weeks old.27;*5) Syphilitic bone changes have, apparently, never 
been demonstrated roentgenographically in fetuses vounger than 
this. According to Fraenkel’s comprehensive studies,”: *" the fetal 
periostitis may begin to become evident roentgenographically in 
42 to 45 cm. fetuses, namely, in those which are 32 to 54 weeks old. 
Harris’, Alexander's, and Wlaften and Priesel’s studies with older 
stillborn fetuses or with living infants indicate that the earliest 
bone changes date from the 6th lunar month of intrauterine life. 
The presumptive evidence, therefore, would seem to indicate that 
osteochondritis becomes recognizable roentgenographically 5 to 
6 weeks following fetal infection and that about 16 weeks are neces- 
sary for the development of a manifest early periostitis. 

A Syphilitic Child Born of a Mother Infected Late in Pregnancy. 
Another method of determining the approximate period in intra- 
uterine life in which the fetus is infected is by selecting for study 
mothers who are infected and who develop signs of primary or 
secondary syphilis in the later months of pregnancy. Spirochetemia 
is at its height at about the secondary stage of the disease, so that a 
pregnant woman who develops clinical early syphilis close to term 
will, presumably, infect her offspring very quickly and readily, if 
she is permitted to go untreated. That mother who acquires her 
disease closest to the time of birth of her child and whose offspring 
shows, at the same time, an early osteochondritis when delivered, 
will give a fairly accurate measure of the time required for this 
diagnostic sign to appear in the roentgenograph. 
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Of the 25S syphilitic deliveries which occurred in the Philadelphia 
General Hospital during the period of this study, 17 fall into this 
classification. They are summarized in some detail in Table 1. 
Two of the offspring were stillborn and 1 died in less than 24 hours; 
these were not studied roentgenographically. Of the living children, 
5, those who had received considerable prenatal treatment, were 
clinically and roentgenographically normal; 2 of the infants were 
not adequately followed. The remaining 7, born 4, 9, 12, 15, 16, 
IS and 23 weeks, respectively, after the onset of clinical symptoms 
in the mother, all showed syphilitic osteochondritis on their first 
postnatal Roentgen examination (Figs. 1 and 2). In Case 256, 
the mother had been infected for about S weeks only and the child, 
presumably, for something over a month before the roentgenograph 
was performed. This type of evidence, therefore, would indicate 
that about 5 weeks are necessary for the development of Roentgen- 
positive bone S\ philis. 

TaBLeE DiaGnosts iN INFANTS WHosk Devet- 


OPED PRIMARY OR SECONDARY SypuHitis Lare in PrReGnancy. THE 
Lac PuHase IN THesk Cases 18 SHOWN TO BE ABouT 5 WEEKS. 


Date of Date 
onset of W assermann appearance 
Type of climeal Prenatal congenital 
syphilis u symptoms Date of Child treat At birtl bone 
No. mother in mother delivery. bern weeks Mat. Cord. syphilis 
49 . . Papular 4 2/13/35 Dead None 4+ 44 
secondary 
. . Genital 1/ 9/34 81934 Dead 4 1+ 4+ 
condylomata 
. . . Papular 7/ 5/34 10/ 6/34 Alive i+ 4+ 
secondary Lived less than 24 hrs 
20.) S 10/34 12/11/34 Alive 10 Neg Neg Child not 
primary syphilitic 
. . Maculopapular 6/25/34 1/16/35 Alive 23 Neg. Child not 
secondary syphilitic 
« Genital 6/ 7/34 11/1234 Alive 10) 4+ Neg Child not 
condylomata syphilitic 
. Maculopapular 4/15/34 8/21/34 Alive 1 Neg Neg Child not 
secondary syphilitic 
213.) Annulopapular 1/15/34 6/13/34 Alive 1+ 14 Child not 
secondary syphilitic 
primary 11/27/33 2/24/34 Alive 7 24 Neg Not Roent- 
Papular secondary gen rayed 
0/24/34 3/ 3/35 Alive 7 Neg. Neg Child not 
secondary followed 
256 6Genital 4/15/35 5/13/35 Alive None 1+ Neg. 5/20/35 
primary Early osteochondritis 
21) . . Maculopapular 15/34 414/34 Alive None 1+ 1+ 5/25/34 
secondary Early osteochondritis 
Advanced periostitis 9/18/34 
52. ~Maculopapular 12/24/34 20/35 Alive 12 Neg Neg 3/27/35 
secondary Osteochondritis) 
. . Genital primary 12/26/33 6/13/34 Alive 14 Neg 6/20/34 
Annulopapular $2/21/34 Osteochondritis) 
secondary Advanced periostitis 9/25/34 
Genital primary 8/24/33 12/23/33 Alive 6 Neg Neg. 12/29/33 
Papular secondary Osteochondritis) 
7 . « Genital 8/15/33 12/ 2/33 Alive New 12/8/33 
primary Osteochondritis) 
160 . . . Papular , 2/15/34 7/27/34 Alive 6 Neg Neg. 8/2/34 
secondary Osteochondritis) 


Osteochondritis Not Present at the Time of Birth Develops Post- 
natally. Further evidence can be obtained concerning this lag phase 
by selecting those cases in which a syphilitic child is born with no 
demonstrable osseous lesion, but in which Roentgen evidence of bone 
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involvement develops postnatally. This was true in the 16 cases in 
our series which are summarized in Table 2. All of these mothers 
had latent syphilis. Obviously, since about 20% of the offspring of 
untreated mothers with active syphilis fail to contract the dis- 
ease, 8! spite of 9 months of indirect exposure to the 
mother’s blood and tissues while they are in utero, infection of the 
embryo may occur right up until the time of delivery. A fetus 
infected before birth will develop bone changes sooner postnatally 
than the infant infected at the time of birth, the latter having the 
longest postnatal interval before osseous changes are demonstrable. 
Casazza’ has pointed out that syphilitic osteochondritis is seldom 
seen after the 3d or 4th months of extrauterine life, but no effort, 
apparently, has been made to discover exactly how long after birth 
the earliest changes could be detected, though Schneider’ had 1 case 
which showed a rather early metaphyseal lesion at the age of 
2 months. The first 6 cases in Table 2 showed their early osteo- 
chondritic changes at 4 (4 ), 5 and 6 weeks, respectively. This 
would indicate that it takes no less than 4 weeks and no more than 
6 weeks ordinarily for the first bone changes to develop. 

TABLE Nor Present ar THE Time oF BirtH But Bone 


CHANGES AppeaR Later. Duration or Time Postnatatty UNTIL THE DEVEL- 
OPMENT OF THESE Ossgeous Lesions. ALL CHILDREN Born ALIVE OF MOTHERS 
with LATENT SYPHILIS. 
Date Weeks post- 
when natally when 
roentgen- positive 


Wassermann 
at time of 


Date ograph roentgeno- Prenatal delivery 
of became graph was Type of treatment Child's clinical - 
No. birth. positive. discovered. bone change weeks symptoms Mat. Cord 
72 7/25/34 8/28/34 4 Osteochondritis 3 None 1+ Neg 
109 7/22/34 8/21/34 4 Osteochondritis l Lymphadenopathy 34 Neg. 
4 | 12/ 4/34 1/15/35 6 Osteochondritis 2 Gen. lymph. 44+ 2 
2/19/35 10 Periostitis Palp. spleen 
163 O/17/34 10/23/34 5 Osteochondritis Ss Snuffles 3+ Neg 
11/20/34 9 Periostitis Syphiloderm, palp. 
liver and spleen 
1 5/15/34 6/15/34 i Osteochondritis 0 Snuffles 34 Neg 
10/ 9/34 20 Adv. periostitis Gen. lymph. 
132 . 12/14/33 1/15/34 4 Osteochondritis 0 Snuffes 4+ ? 
4/19/34 26 Adv. periostitis Syphiloderm, palp. 
liver and spleen 
208 11/18/34 1/15/35 s Early periostitis 16 Snuffles de Neg 
11 5/23/34 7/17/34 s Karly periostitis 13 Snuffles, spleno- 
megaly 1+- Neg 
232 9/ 1/34 10/30/34 s Periostitis $ Snuffles Neg. Neg 
1 1/23/35 3/26/35 9 Osteochondritis, 4 Snuffles 3+ Neg. 
periostitis 
25 3/ 8/34 21/34 10 Periostitis 5 None 44 4+ 
183 9/18/34 12/18/34 12 Osteochondritis, 13 None 1+ Neg. 
periostitis 
61 7/ 6/34 10/ 4/34 12 Periostitis 7 None 44 Neg. 
ISI 2/13/34 5/22/34 13 Osteochondritis, 13 None Neg. Neg. 
periostitis 
202 6/22/34 9/25/34 13 Periostitis 9 Snuffles 2+ Neg. 
218 1/19/34 5/ 3/34 14 Periostitis ll Child died, syph- I+ 3+ 


ilis, 5/6/34 


In Case 121 periostitis was demonstrated only 4 weeks after the 
osteochondritis became manifest. This may indicate that the 
latter change should have been recognized earlier, possibly even at 
the time of birth. Case 163 (Fig. 3) falls into a similar category, 


for here, although diagnostic bone changes did not develop until 
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3 Case 256 Case 52 Case ISS Case 160 
Fic. 1. Early syphilitic osteochondritis in distal femoral metaphyses, at the time 
of birth, in infants whose mothers contracted syphilis late in pregnancy. Note the 
. narrow band of sclerosis with slight submetaphyseal rarefaction in each instance. 
; 


A B Cc D 


Fic. 2.—Cases 21 (A and B) and 102 (C and D) showing early osteochondritis 
and later periostitis in femora; the mothers contracted syphilis late in pregnancy. 
The osteochondritic change shown in A is when the infant was 5 weeks old. Note 
marked metaphyseal sclerosis in all the long bones shown, with beautiful zone of 
submetaphyseal rarefaction and second zone of increased density shown in proximal 
tibia. B is at the age of 5 months with marked periostitis on the outer aspect of the 
diaphysis. Diaphyseal rarefaction is clearly shown in C at 6 days and D at 3 months. 
The latter shows, in addition, periostitis. 
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Fic. 3.—The development of syphilitic osteochondritis and periostitis postnatally. 
A shows the radius and ulna at 6 days with no more than normal metaphyseal scler- 
osis; B, the child is 1 month old. There is a definite zone of sclerosis in the distal 
radial and ulnar metaphyses with a zone of submetaphyseal rarefaction and a second 
poorly defined band of sclerosis. C, the metaphyseal sclerosis has increased and there 
is an early periostitis, best seen on the inner aspect of the shaft of the ulna and on 
the outer aspect of the shaft of the radius. 


A B c 

Fic. 4.—Case illustrating the fact that it takes several weeks for syphilitic osteo- 

chondritis to reach its height. A, when the child is 6 days old, the metaphyseal 

sclerosis is scarcely discernible; B, at the age of 1 month, the band has greatly 

increased in width, while (, at the age of 2} months, there is in addition some flaring 
of the metaphyses with a tendency toward spur formation. 
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Fic. 5.--The time interval between the appearance of syphilitic osteochondritis 
and syphilitie periostitis in the roentgenograph. This is Case 190 which showed 
early osteochondritis in the distal femoral metaphysis, A, at the time of birth. By 
the age of 11 weeks, B, the metaphyseal sclerosis has become more marked and an 
early but definite periostitis is present on the outer aspect of the diaphysis. 


A B 

Fic. 6.— Marked diaphysitis in the femur and tibia produced by prolonged action 
of the syphilis spirochete in the temporary zones of calcification. In A, the infant 
was 6 days old, the syphilitic infection dating in all probability from the 6th month 
of pregnancy. B, a similar picture in a 10-month-old infant. This is Case 18S, the 
early osteochondritis of which is shown in Fig. 1. The infant received a small amount 
of treatment postnatally but was lost sight of for several months, to return for 
observation with the peculiar osseous picture illustrated. 
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the infant was 5 weeks old, there was a questionable osteochondritis 
at the time of birth, indicating that the infection (nm utero had prob- 
ably occurred earlier than we had originally calculated. The fact 
that it took Cases | and 152 16 and 22 weeks, respectively, to develop 
moderately advanced periostitis would indicate that several months 
are usually consumed in forming this Roentgen picture. More 
accurate information can be obtained concerning this latent interval 
from a careful study of the remaining cases in Table 2 and from 
those summarized in Table 3, in which osteochondritis was present 
at the time of birth but in which the lapse of time necessary for the 
development of periostitis has been accurately determined. 

The Latent Interval Necessary for the Development of Syphilitic 
Periostitis. The last 10 cases in Table 2 summarize the instances 
in which early periosteal changes were discovered postnatally, no 
bone changes being present in the roentgenograph at the time of 
birth. The longest time interval necessary for the development of 
an early periostitis will indicate the child infected closest to the 
time of birth, in this series the latent interval being 12 to 14 weeks. 
In other words, periostitis appears, presumably, between 3 and 
$ months after the child is diseased. 


TABLE 3.-—-OsTROCHONDRITIS PRESENT AT THE Time or Birtu. Lapse or TiMe 
Untit Pertostitis DeveLorep; UNTREATED CASES 


Dats Weeks Wassermann 
when postnatally at time of 
Date periostitis that Prenatal . delivery 
of was periostitis treatment Child's clinical 
No birth discovered cle veloped weeks sVinptomes Mat Cord 
117 &/ 5/34 0/27/34 7 1 Child died cong 4+ Neg. 
1., 5/3/35 
120 S/1S/34 10) 2 Ger ymph., 1+ Neg. 
liver 
en 
1/20/34 4/19/34 1 3+ Neg 
247 ti) 7/34 Snuffles, syph- 3+ Neg 
» Ben. 
118 1/23/34 3/22/34 None Neg. Neg. 
35 1/13/35 3/21/35 None Pseudoparalysis Neg Neg. 
of Parrot 
137 I/ 1/34 12/ 9/34 10) (early) il None 4+ Neg. 
1%) 1/30/34 4/23/34 11 (early 9 Gen. lymph 24 Neg. 
hepatomegaly 
112 1/29/34 4/23/34 11 (early s None 14 Neg. 
82 2/28/34 6/12/34 14 (definite) 2 Snuffles, gen Neg. Neg. 
lymph., splen- 
omegaly 
28 12/14/33 4/ 2/34 15 (advanced s None 4- Neg. 


Now turning to Table 3, and assuming again that the longest 
time interval before the development of periostitis indicates the 
child infected closest to the time of birth, and excluding Cases 28 
and 82, in which the periostitis when discovered was moderately 
advanced, the longest osteochondritic-periosteal interval is 10 to 
11 weeks (Figs. 4 and 5). This indicates again that periostitis 
develops some 2 to 8 months after the osteochondritis appears 
and some 4 months after the child is infected. 

These results coincide rather well with the ideas portrayed in the 
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theoretical discussion which preceded the description of our actual 
findings: namely, if syphilitic fetuses stillborn at or near term 
comprise those embryos which have been infected earliest in the 
pregnancy, the periostitis which occurs not uncommonly in such 
offspring would indicate that they become diseased ordinarily about 
t calendar months before birth or in the 5th month of intrauterine 
life. Since the children born alive, on the other hand, do not 
ordinarily show periostitis until several weeks postnatally, such 
infants probably become diseased in the still later months of 
pregnancy. 

Summary. [ven though it has been realized for some time that 
considerable information could be derived concerning the duration 
of an osseous lesion produced by congenital syphilis from a roent- 
genographic study of the extent of the impairment of bone develop- 
ment after the lesion first became detectable, the fact that the 
latent interval between the time of fetal infection and the develop- 
ment of the earliest demonstrable osteochondritic and periosteal 
changes was unknown, left the actual duration of the disease in 
the infant a matter largely for speculation. We realize that the 
extent of the lag phase may be, and in some instances probably is, 
governed by a number of interplaying factors, but we have been 
impressed, as have a few other workers who have studied congenital 
bone syphilis by means of serial roentgenographs, with the almost 
mathematical time precision with which these lesions become mani- 
fest. By a study of the time interval alone, the majority of the 
individual variations found in comparing one case with another 
can apparently be explained; the few exceptions are probably caused 
by the addition of other elements, the relative importance of which 
remains to be determined (Fig. 6). Nonetheless, we feel that we 
may assume, with a reasonable degree of accuracy, that syphilitic 
osteochondritis, all other things being equal, becomes roentgeno- 
graphically manifest about 5 weeks after the fetus is infected, while 
syphilitic periostitis requires approximately 4 months to develop. 

It should be apparent, therefore, that the roentgenographic diag- 
nosis of congenital syphilis, to be of its greatest value, must rest 
upon the recognition of syphilitic osteochondritis, for, by the time 
periostitis has developed, the child has been infected for several 
months, usually exhibits clinical signs of the disease, and has 
ordinarily become seropositive.* single roentgenogram  per- 
formed when the infant is 6 weeks old should detect almost every 
case, though osseous lesions could be discovered sooner in many 
instances, were not repeated roentgenographic studies inhibited by 
their expense. 


* The unreliability of the blood serologic test as an absolute diagnostic criterion 
of congenital syphilis in the first few weeks of life is well recognized. In an article 
entitled, “Roentgen Positive, Sero-negative Infantile Congenital Syphilis,’ soon to 
appear in the Am. J. Dis. Child., we have indicated the value of roentgenographic 
examination in these seronegative, and otherwise undiagnosable cases. 
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THE MINOR BLOOD AGGLUTININS AND THEIR RELATION TO 
POST TRANSFUSION REACTIONS. 


By P. Betk, M.D., F.ALC.P. 


INSTRUCTOR IN CLINICAL BIOCHEMISTRY, GRADUATE SCHOOL OF MEDICINE, UNIVERSITY 
OF PENNSYLVANIA, PHILADELPHIA, PA. 


The minor hemagglutinins (the subgroup isoagglutinins; Land- 
steiner’s irregular isoagglutinins and normal cold agglutinins; the 
pathologic cold agglutinin; and the rouleau forming property) have 
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been the subjects of several interesting studies.'~* Very little 
effort, however, has been made to determine their practical impor- 
tance in relation to the transfusion of blood. Landsteiner and 
Levine? report 6 transfusions without reaction with bloods showing 
minor incompatibilities at 20° C. Manheims and Brunner" report 
a transfusion without reaction in an individual with autoagglutinin, 
and Sherman" records two such instances. Tiber’ considers the 
intra-group incompatibilities insufficient to cause death. Kramer"? 
recounts 10 cases of autoagglutination with a severe reaction in 1. 
Brewer'* finds auto- and cold agglutinins the most frequent cause 
of incompatibility between patients’ serum and donors’ cells, and 
attributes reactions to them. Unger!’ noted sharp reactions when 
minor incompatibilities existed in the cross tests. 

The sub-group isoagglutinins, the irregular isoagglutinins, and 
the normal cold agglutinins are not clearly defined, but merge one 
into the other, and are more frequently encountered and more 
active at low temperatures. Landsteiner states that practically 
all human sera agglutinate their own cells at 0° C. The pathologic 
cold agglutinin (autoagglutinin) does not differ clearly from the 
normal cold agglutinin, except that it is often of high titer and is 
associated with pathologic states. It seems reasonable to suppose 
that it is really the normal cold agglutinin increased in strength 
by some process of disease. At any rate minor agglutinins effective 
on the cells of the same individual and others of the same blood 
group (and on those of group 0) at low temperatures (10° to 0° C.), 
but not at high temperatures, comprise the majority of the minor 
agglutinins. 

Autoagglutinin is characterized first by the fact that its property 
of clumping erythrocytes is entirely wanting at 37° C., but becomes 
increasingly effective as the temperature is lowered, being maxima] 
at 0° C. At, or near, this temperature the agglutinin is fixed to 
the cells which become drawn into masses. As the temperature is 
elevated, the reaction is reversed, the agglutinin becoming detached 
and the cells “unclumped.” This is a property of the serum, not 
of the cells. Furthermore, this is not a specific agglutinin, but one 
capable of acting on the red cells of many, possibly all, animals 
(panagglutinin). It is, nonetheless, a true agglutinin, being absorb- 
able, and, apparently, not affected by lecithin. A few authors, 
however, believe it to be related to the rouleau forming property. 
This latter is not attributed to a true agglutinin, but rather to a 
physiochemical property of the serum related to surface tension. 
It is not removed by absorption, and is inhibited by lecithin. It 
does, however, draw cells into masses which can be confused with 
those of true agglutination. 

The present study was undertaken after an experience in which 
failure to detect a strong autoagglutinatinin in a patient’s serum 
resulted in a very severe post-transfusion reaction. A review of the 
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literature lent support to the idea that the minor agglutinins were 
probably of importance, although no conclusive evidence of this 
had been produced. I therefore decided to perform routine cross 
agglutinations according to the method here described with the 
hope of securing evidence bearing on this question. 

Technique. The procedure here employed is as follows: Venous blood 
collected in sterile test tubes is allowed to clot at 37° C., or if previously 
chilled, is warmed to 37° C. After removal from the incubator, serum is 
promptly centrifuged and pipetted off to prevent any but slight chilling. 
The cells are collected in 1.5°7 sodium citrate in normal saline (or other 
suitable fluid) and washed twice in saline warmed initially to 37° C. These 
steps assure a maximum of autoagglutinin in the serum and its removal 
from the cells. On clean glass microslides ringed with a wax pencil the 
following mixtures are prepared: patient's serum and patient’s cells, patient's 
serum and donor's cells, donor’s serum and donor's cells, donor's serum 
and patient's cells. The suspensions are light, about 1°,, as an excess of 
cells masks agglutination.'"® The slides are placed in the refrigerator (5 
to 10° C.) for 30 minutes, then removed, one at a time, gently agitated 
and observed at once under the scope. Agglutination is recorded as from 
0 to +4. A second observation is made after about 10 minutes at room 
temperature (or 37° C.) to note reversal of agglutination. The following is 
an example of the application of the technique from my protocols: 

Patient's serum plus patient's cells +4 
Patient’s serum plus donor’s cells +4 
Donor’s serum plus donor's cells 0 
Donor’s serum plus patient's cells 0 

Agglutination in patient's serum completely disappeared after 10 
minutes at room temperature; no rouleaux. Diagnosis—strong auto- 
agglutinin in patient's serum. Advise no more than 100 ce. blood be given 
at one time.”’ 


This technique detects incompatibilities due to both major and 
minor agglutinins, including the autoagglutinin. This latter is 
missed by the usual technique in which clots are allowed to become 
chilled, and serum-cell mixtures are incubated at room temperature. 

During the period of the work here reported | was under the 
impression that microscopic inspection alone would clearly differ- 
entiate rouleau clumping, as claimed by Coca.'* More recent 
experience has led me to believe, however, that this is not always 
a reliable method, for when autoagglutinin and the rouleau forming 
substance are present in the same serum, each appears to interfere 
with the characteristic behavior of the other. When in doubt, 
lecithin should be used, as suggested by Lattes.'* One or two plat- 
inum loop-fulls of a rather heavy suspension in normal saline are 
mixed with the serum-cell suspension, which is then returned to 
the refrigerator for 30 minutes. Since lecithin was not used in this 
study, the reactions here recorded may represent some instances 
of rouleau clumping, although probably most are those of autoagglu- 
tination. I was also under the impression that a +4 slide reaction 
indicated an agglutinin of high titer. Again I have found, however, 
that such a reaction may be produced in undiluted serum with an 
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actual titer of no more than | to 4, or | to 8. Consequently, the +4 
reactions here recorded do not necessarily indicate high titers. 

This study of the minor blood agglutinins includes 161 sera from 
130 patients, and 265 sera from as many presumably healthy 
donors (Chart 1). 


Cuart I.—INcipENCE OF AUTOAGGLUTINATION IN ILL AND HEALTHY SUBJECTS. 


Patients’ Donors 

Agglutination Sera Sera 
- ol 38.0 104 
+1 24 14.9 24.9 
+2 39 24.2 
IS 11.2 16 0 
+4 15 9.3 l 5 
Sub-groups 2.5 6 2.3 

161 PH5 


‘our patients’ sera and 6 donors’ sera were found which contained 
no autoagglutinin, but which agglutinated the cells of one or more 
individuals of the same blood group. All of these were Group II 
sera and doubtless represented examples of the sub-group I]. One 
such serum agglutinated the cells of 5 Group I individuals strongly 
(+3), of another weakly (+1), and of 8 others not at all. 

Fifty-nine per cent of sera of both donors and patients had more 
or less power to agglutinate their own cells and the cells of others 
of the same group, while incompatibilities not associated with auto- 
agglutination occurred in only about 2.5°; of sera. Thus auto- 
agglutination seems to account for the great majority of intra- 
group incompatibilities. While this type of reaction is equally 
common in donors and patients, and doubtless represents Land- 
steiner’s normal cold agglutinins, the +3 reactions were twice as 
frequent, and +4 reactions 6 times as frequent in the sick as in the 
healthy subjects. This observation has its greatest interest in the 
implication that the normal cold agglutinins are often increased 
in titer by the processes of disease; and indicates that, in an average 
series of patients in need of transfusion, | in 5 will have in his blood 
an autoagglutinin of sufficient strength to make a post-transfusion 
reaction a probability. 

Medical literature associates autoagglutinins (pathologic cold 
agglutinins) most often with hemolytic anemias, some forms of 
cirrhosis of the liver, paroxysmal hemoglobinuria, trypanosomiasis, 
and repeated transfusions (in rabbits). In this series the condition 
was most frequently associated with infections by hemolytic strep- 
tococci and staphylococci. One patient had had a ruptured ectopic 
pregnancy, and another was absorbing a large hematoma. It would 
appear, therefore, that the destruction of blood within the body 
is an important factor in the development of a strong autoagglutinin. 
This suggests the development of an antibody against the red cells 
of the same species, and even of the same individual. However, 
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this agglutinin is not a specific one, but one capable of acting on the 
red cells of many animals. Wramer suggests that auto-lipoid anti- 
bodies are developed in such instances, which react with the lipoids 
of the erythrocytes. Mino believes that under certain conditions 
of non-specific stimulation the body produces antibodies in excess, 
including the panagglutinin. Landsteiner’s and Wettle’s reports 
of weak cold agglutinins in practically every human blood supple- 
ment this idea. Belk'* has furnished evidence of the same sort ina 
case of infectious mononucleosis. 

It was hoped that this study would show conclusively that post- 
transfusion reactions are caused by, or are associated with, auto- 
agglutinins. In 209 transfusions, practically all by the citrate 
method, performed on S82 patients, there were 25 reactions (1107). Of 
these, 5 were apparently due to cardiac embarrassment, | to allergy, 
and | to incipient coagulation of the donor’s blood. Two other 
reactions occurred with perfect cross tests, and seemingly should 
be attributed to technique, although every care was taken to avoid 
dirty apparatus, over-heating or chilling of the blood, and improperly 
made saline.’ The desirability of a spray trap in the still was not 
known to me at the time this work was done, and this may have been 
a factor in the reaction. 1 believe, however, that conclusions drawn 
later are still justified. The typing sera were frequently checked, and 
in no instance was an error made in the blood group of patient or 
donor. This leaves 16 reactions (7067) for which there was no appar- 
ent cause except blood incompatibility due to autoagglutinins which 
were demonstrated prior to transfusion in 100°; of this group. 
When individual cases are considered, the impression is obtained 
that smaller quantities of blood produced reactions in those with 
strong autoagglutinins, amounts of 110 and 115 cc. having been 
followed by reactions in the former, while no reaction occurred in 
any patient with a weak autoagglutinin unless 250 cc. or more, of 
blood was given. In a few instances repeated: transfusions with 
increasing amounts of blood resulted in a reaction after the final 
and larger amount, 

Proof positive of the relation between autoagglutinin and _ post- 
transfusion reaction was not developed, however, as reactions were 
not found to be more frequent in those with strong agglutinins. 
This observation is modified by the fact that the amount of blood 
given each individual was determined in advance by the degree: of 
incompatibility as shown by the cross test, and patients whose 
serum showed +3 and +4 autoagglutination were either not trans- 
fused at all, or only with small amounts. I did not feel justified 
in giving such patients 400 to 500 ce. of blood. Had this been done, 
it is possible that a high per cent of reactions would have resulted 
in this group, and so clear proof of the réle of the autoagglutinin in 
this connection have been furnished. 

The suggestive evidence that agglutinins are productive of post- 
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transfusion reactions lies in these observations: 1, The incidence 
of reactions was quite low in this series in which the decision as to 
transfusion and the amount of blood to be given was based on the 
presence of autoagglutinin in the patient's serum; 2, the only appar- 
ent cause for 70° of the reactions was the presence of autoagglutinin 
in the patient’s blood; 3, smaller amounts of blood seemed capable 
of producing post-transfusion reactions in patients whose serum 
contained a strong minor agglutinin than in those with a weak 
agglutinin; 4, in a few instances repeated transfusions with increas- 
ing amounts of blood resulted in a reaction after the last and largest 
amount only (Chart II). 


Cuart Srreprococcus SEPTICEMIA FOLLOWING ABORTION. AUTO- 
AGGLUTINATION +4 Mrs. M. 


Transfusion Reaction 
Morning , 100 ce. 0 
Noon 135 ce. 0 
Evening 250 ce. 


With the usual method of blood matching transfusion reactions 
are rather frequent, even when satisfactory donors are found. This 
had led to the practice of giving small repeated transfusions in the 
hope of avoiding these reactions. | am sure that there is little virtue 
in small transfusions as such, the chief reason for their use being the 
fact that large amounts are dangerous in some cases because of 
blood incompatibilities, or a weak circulation. Any adult in need 
of blood will usually need 400 to 500 ce., and it is less annoying to 
patient, physician and donor to give this in one operation, if this 
can be done safely. 1 feel that a method of donor selection which 
demonstrates minor agglutinins has this advantage, that it permits 
a rational, rather than an arbitrary selection of patients for small 
transfusions. It enables one to avoid over-doses of blood in those 
who probably can tolerate only small amounts (those with minor 
agglutinins), and under-doses in those who can safely be given 
400 ce. or more. Very large quantities of blood in small repeated 
doses can, however, be given safely to patients with strong minor 
agglutinins, and if the first few injections be cautiously increased 
in amount, the tolerance of the individual can be determined with- 
out greatly overstepping it (Chart III). 

Another practical consideration is this: Strong incompatibilities 
due to autoagglutinins (pathologic cold agglutinins) most often 
appear as a clumping of the donor’s cells by the patient’s serum. 
Now it is clearly shown that this is a property of the serum, not 
of the cells. Consequently, it is useless to test a succession of donors 
in the hope of finding one suitable, when positive auto- and cross- 
tests with the patient’s serum show that the element of incompati- 
bility lies there. Such a serum will similarly agglutinate the cells 
of all donors (with minor quantitative differences). What is 
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Serum and cells of an individual with autoagglutinin after 30 minutes 
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needed in such cases is not another donor, but another patient. 
Where the auto-test of the patient's serum is negative, but the cross- 
test positive, an error in blood grouping has probably occurred, 
or an irregular isoagglutinin is present. In such case, and when the 
donor's serum clumps the patient’s cells, another donor will prob- 
ably prove suitable. 


2372 
z 


oO 
TRANSFUSION 


10 20 30 49 590 60 70 80 90 100 110 120 


ways 


Cuarr IIL.—M. L.; aged 16. Acute osteomyelitis of knee (hemolytic Staphylo- 
coccus aureus.) Recovery. Strong autohemagglutinin in patient's blood. The 
first 4 transfusions were given within 30 hours. 


The post-transfusion reactions in these 82 cases were character- 
ized by fever of 1 to 2 degrees, or fever and chill, coming on 15 to, 
40 minutes after the transfusion, and lasting 10 to 15 minutes. 
Rarely was a reaction delayed as long as 1 hour. This observation 
is important, as it justifies repeating transfusions with no more 
than 3 to 4-hour intervals without fear of reactions overlapping. 
In a few cases, pain in the back and a feeling of constriction about 
the chest were complained of. In no case were purpura, hematuria, 
jaundice, or other delayed effects observed. The reactions, however, 
were severe enough to be very trying, and in weak individuals alarm- 
ing. Atropin and adrenalin appeared to decrease the severity of the 
reactions. In this connection the possibility of the so-called citrate 
reactions is dismissed. Pharmacological studies of the effects of 
this drug® and practical experience,” to my mind, dispose of this 
possibility. Moreover, since this series includes 28 transfusions 
of 400 ce. or more with 2 gm. of citrate in each without any reaction, 
it is not logical to attribute reactions to citrate when used in smaller 
amounts. 

This study, of course, has definite imperfections, since there are 
mmany factors which make it difficult to draw final conclusions. If 
the sera from a number of patients could be studied with the use of 
lecithin, by absorption, and by actual titration of the agglutinins, 
and the effect of transfusion noted on these patients, the relation 

vou. 191, No. 6.—JUNE, 1936 29 


an 
A 
i 
z 
| 
1 
96 
te 
2.1%, Reticulocy 1.6% 
80 
70 
60 
a 50 
% 
} 
4 
; 
ay 
tat 
{ 
M 
ans 
| 
| 
d 


| 


S3-4 BELK: THE MINOR BLOOD AGGLUTININS 


of the minor blood agglutinins to post-transfusion reactions would 
be definitely determined. 

Conclusions. “The autohemagglutinin (panhemagglutinin) is shown 
to occur frequently in the blood of patients needing transfusions, 
and to account for the majority of intra-group incompatibilities. 

Evidence is advanced that a large per cent of post-transfusion 
reactions in carefully performed transfusions may be attributable 
to this agglutinin. 

A technique of blood matching designed to detect autohemagglu- 
tinin and suggestions for transfusing in the presence of this agglutinin 
are given. 
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IN the course of some observations on factors influencing the 
blood pressure of dogs we have tested the effect of urine extracts 
when injected into the cisterna magna. Certain extracts were 
found to have a marked pressor effect when administered in this 
way, but this effect was absent or reversed when these extracts in 
the same dosage were given intravenously. Since the pressor 
effect of intracisternal injection was not abolished by ashing the 
extracts and redissolving the residue in water, we were led to 
surmise that it was dependent on the presence in our extracts of 
inorganic salts. Accordingly, a study of the action on blood pres- 
sure of various electrolytes was undertaken. 

Method. Most of the observations were made in dogs; a few 
goats were studied also. The animals were anesthetized with 
sodium pentobarbital (“‘nembutal”’), 30 mg. per kg. of body weight, 
administered intravenously. If during the course of an experiment 
the animal became restless, small additional doses of the drug were 
’ administered. Blood pressure was measured with a mercury man- 
. ometer connected with a cannula in the femoral artery. The | 
cisterna magna was punctured with a 20-gauge needle connected . 
with a tap which could be opened for removal or injection of solu- 
tions, or closed to prevent escape of fluid. Ordinarily, the needle 
and tap were left in situ for the duration of the experiment. In 
f order to minimize changes in intracranial pressure injections were 
; preceded by the removal of an amount of spinal fluid equivalent to 
the volume of the solution to be inje¢ted. When hypertonic solu- 
tions were administered, their effects were usually controlled by 
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the injection of equimolar sodium chlorid. Hypotonic solutions 
were made approximately isotonic by the addition of sodium chlorid. 

In many of the experiments, analyses of the spinal fluid for 
calcium were made. For this purpose the Clark-Collip! modifica- 
tion of the Kramer-Tisdall? method was employed. 

It was found that whenever respiratory paralysis occurred, a 
terminal rise in blood pressure, apparently due to asphyxia, was 
noted. In presenting the data only those effects are considered 
as significant which lasted for several minutes or longer after the 
injection; for injections of any liquid, even the dog’s own spinal 
fluid, sometimes caused slight evanescent changes (in either direc- 
tion) in blood pressure. 

With these general methods a series of electrolytes was studied, 
including sodium, potassium, calcium, magnesium, lead, chlorid, 
sulphate, nitrate, oxalate, phosphate and citrate ions. 

Results. A. OBSERVATIONS ON Docs. Sodium Chlorid. In an 
occasional dog a slight temporary rise in blood pressure might be 
produced by any intracisternal injection, even that of isotonic salt 
solution. Such effects were exceptional, lasted only a few seconds, 
and did not simulate the marked and prolonged effects produced 
by other ions. Increasing the strength of the sodium chlorid con- 
centration was without effect until concentrations approaching 
molar were reached. Similar results were obtained with sodium 
sulphate. These observations indicated that the pressor effects 
which were obtained with much weaker dilutions of electrolytes 
cannot be ascribed to osmotic action. 

Potassium Chlorid. When solutions ranging between 50 and 
100 millimols per liter were injected in doses of 1 ce., a marked 
difference was observed between the effects of the first and of 
subsequent injections. The initial injection usually caused a decline 
in blood pressure. The second injection caused either a decrease 
—of lesser degree than that produced by the first— an increase, or 
a diphasic effect, the decline preceding the rise. The third and 
all subsequent injections usually caused an increase in blood pres- 
sure without a preliminary decrease, the effect being more or less 
proportional to the dose. Different dogs exhibited qualitative 
similarity but displayed considerable differences in the degree of 
response (Table 1 and Figs. 1 and 2). 

The description applies only to doses within the range mentioned. 
Smaller amounts usually produced no effects when given initially 
but, in unusually responsive dogs, caused an increase in blood pres- 
sure after the animal had been previously “sensitized”? by two or 
more preceding larger doses. When more concentrated solutions 
were used the initial injection usually caused a rise in blood pres- 
sure which might or might not be preceded by a temporary decline, 
and subsequent doses produced a marked rise. 

The duration of the pressor response was variable in different 
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dogs and was usually greater with larger doses. The effect always 
lasted several minutes and not infrequently persisted for } hour. 
Fig. 2 illustrates a typical response, which endured for 18 minutes. 


Taste 1.—Tue Errecr on THE ARTERIAL BLoop PressuRE OF DoGs OF THE 
INTRACISTERNAL INJECTION OF PoTasstuM CHLORID.* 


First injection Second injection. Subsequent injections 
1035. of dog, Solution Change Solution Change Solution Change 

kg injected, in blood injected, in blood injected, in blood 
millimols pressure, | millimols pressure,  millimols | pressure, 
per liter mm.H¢g per liter. mm.H¢g per liter mm.Hg 
Jan. 4 5.0 67 —42 67 +24 50 +18 
50 +20 
14 9.0 100 —18 100 +18 50 + § 
14 S.0 100 +647 50 +56 33 + 6 
50 +350 
Is 100 —4S 100 +20 50 0 
67 +60 
22 8.7 100 IS 100 +64 50 +40 
23 S.1 100 16 100 —12 100 +46 
+16 
24 10.4 67 — & 67 +52 50 +20 
25 10.0 100 —3S 100 +54 50 +34 
26 11.5 100 —40 100 +S 
Apr. 5 19.5 67 —28 67 +10 


* The amount of fluid injected was 1 ec. in each instance. 
+ This increase was preceded by a diminution of 36 mm. 


INTO CISTERNA PINTO CISTERNA 
(FIRST INJECTION insection) 


Nore.— In all figures the curves run from left to right. The time intervals on the 
base line are 6 seconds. The distance between two adjacent horizontal lines repre- 
sents 20 mm. of mercury. Arrows denote injections. 

Fic. 1.—The three curves represent typical effects of repeated injections of potas- 
sium chlorid, the first injection causing a depressor response, the second producing 
a diphasic reaction and the third initiating a pressor effect. 


Potassium chlorid solutions not only affected the blood pressure 
but other functions as well. Respiration was usually increased, 
the breathing often became stertorous, and the respiratory variations 
in blood pressure became more pronounced (Fig. 1). Sometimes 
the stimulation of breathing was noted following injections which did 
not affect the blood pressure. Restlessness, rigidity, opisthotonos 
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and muscular twitchings were frequently observed; convulsions 
were noticed only occasionally. The general picture was not unlike 
that of uremia as observed in patients. 


Fig, 2.—The marked pressor effect produced by potassium chlorid (A) was not ob- 
tained with sodium chlorid (B). Since the latter solution was five times as con- 
centrated the records indicate that the pressor response could not have been due 
to increase in osmotic pressure. 


The intravenous injection of equivalent amounts of potassium 
chlorid had no effect on blood pressure and produced no obvious 
changes in the general state or in the breathing of the animals. 
It is, however, of interest to note that Harrison, Friedman and 
Resnik*® observed respiratory stimulation following the intravenous 
administration of much larger amounts of potassium chlorid than 
were employed in our intracisternal injections. The same authors 
also observed an increase in the blood pressure in many of their 
experiments. 

To eliminate the possibility that the pressor responses were 
dependent on the anesthetic employed, a few observations were 
made on dogs anesthetized with ether. Injections of potassium 
chlorid produced in them also a well-marked rise in blood pressure. 
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The pressor effect was sometimes diminished but was not abolished 
by the previous intracisternal injection of small amounts of ether 
or of sodium pentobarbital (Fig. 3). The anesthetic did not aug- 
ment the pressor response. It, therefore, seems unlikely that the 
effects observed can be ascribed to the narcotics used. Quite pos- 
sibly the anesthetics, which themselves lower blood pressure when 
given intracisternally, may tend to make the animal less responsive 
to the potassium chlorid. 

It has seemed desirable to determine, if possible, the location ot 
the area through which the potassium chlorid exerts its effect. The 
existence of a ‘vasomotor center” in the floor of the fourth ventricle 
has long been assumed, but its exact location is unknown.'°* 
Furthermore, the recent demonstrations of various vegetative 
centers in the hypothalamus’*’ have suggested the possibility that 
the vasomotor effects of medullary lesions might be the result of 
injury to projection pathways from the hypothalamus rather than 
to a specific nuclear “center” in the medulla. 


INTO 


CISTCRNA 


Fic. 3.— Following the injection of ether the pressor response (B) to potassium 
chlorid was somewhat less than before (A). The record ((’) is from another dog and 
shows that nembutal diminishes slightly the pressor response to potassium chlorid. 


In each of 4 dogs anesthetized with sodium barbital, the following 
experiment was performed. The medulla and cerebellum were 
exposed by wide removal of the occipital bone and arch of the atlas, 
and opening the dura. The arachnoid over the outlet of the fourth 
ventricle was incised. An opening was made in the bone and 
dura over the left occipital lobe sufficiently large to allow anterior 
retraction of the occipital lobe, exposing the tentorium. A small 
ureteral catheter connected with a tuberculin syringe was inserted 
into the fourth ventricle, after careful removal of any free cerebro- 
spinal fluid with a small pledget of cotton. Through the catheter 
0.1 ce. of a solution of potassium chlorid (100 to 1000 millimolar) 
was injected. A prompt rise in blood pressure occurred in all 
experiments (Fig. 4.4). Equal amounts of the solution were then 
placed upon the dorsal surface of the medulla (below the fourth 
ventricle) and subsequently upon the upper cervical cord. ‘In no 
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instance was any effect upon blood pressure demonstrated following 
these procedures. 

The occipital lobe was then elevated from the tentorium and 
the upper brain stem rapidly severed at the level (intercollicular) 
of the tentorium. Hemorrhage was controlled by a large moist 
cotton pack. As soon as the blood pressure reached a constant 
level (usually 15 to 25 mm. below the previous level), the injection 
into the fourth ventricle was repeated. In all experiments, a prompt 
rise in blood pressure occurred. ‘This rise was similar in degree to 
that occurring previous to the section of the brain stem in 2 experi- 
ments (Fig. 4B) and was slightly less than that previously observed 
in the other instances. In 2 experiments, the medulla was then 
sectioned below the fourth ventricle and the injection immediately 
repeated. Pressor responses did not occur. Necropsy revealed 


Fic. 4.—Section of the brain stem at the level of the tentorium (9) did not 
the pressor response to potassium chlorid. (See text.) 


complete intercollicular section in 3 of the 4 experiments. In the 
remaining one a small strand of the superior, lateral portion of the 
cerebral peduncle remained intact. 

These experiments show that the site of action of the injected 
solution was between the inferior colliculus and the outlet of the 
fourth ventricle, and that the effect was mediated through path- 
ways extending down the spinal cord rather than through the 
cranial autonomic efferent channels. On account of the rapidity 
of occurrence of the effect and the small volume of solution injected, 
it seems probable that this area lies close to the surface in the floor 
of the fourth ventricle. 

Further studies concerning the more exact localization of the 
mechanism are in progress. 

Calcium Salts. In view of the physiological antagonism'® between 
potassium and calcium, it seemed desirable to investigate the 
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effects of intracisternal injections of calcium salts. Table 2 shows 
the results of such injections. The calcium salts injected were the 
chlorid, lactate and gluconate. These salts usually caused a slight 
decline in blood pressure, but marked diminution was not observed 
and in some instances no decrease occurred. A significant rise in 
blood pressure was not produced by calcium salts in any of the 
experiments. 


TasBLe 2.—Tue Errecr or THE INTRACISTERNAL ADMINISTRATION OF CALCIUM 
SALTS IN THE ARTERIAL BLoop PREssURE OF Dogs. 


Concentration 


Date, Weight of injected Change in 
1934 to of dog, Calcium salt solution, blood pressure, 
1935. kg employed.* millimols mm.Hg 
per liter. 

mee, ¢ « « 346 Chlorid 50 — § 

Chlorid 50 —10 

20 Chlorid 100 —30 

Chlorid 50 + 5 

6.0 Chlorid 5 —20 

Jom. 10.5 Chlorid 5 5 

Feb. 15 12.0 Chlorid 100 20 

Lactate (Suspension) —10 

23 11.3 Gluconate 100 —22 
8.7 Lactate 50 0 

Chlorid 50 — § 

Lactate 50 — 

Gluconate 50 —15 

* | Gluconate 50 —20 
Lactate 100 0 

Gluconate 50 —2s8 

Lactate 50 —10 

Lactate 50 + 5 
Gluconate 100 0 

Lactate 50 —15 

Mar. 1 10.2 Gluconate 50 — 5 

Lactate 50 + 5 

Gluconate 50 +10 


* The amount of solution injected was 1 ec. in each instance. 


In contrast to their relatively slight effects on blood pressure, 
calcium salts were found to have a striking inhibitory action on the 
pressor effect of subsequently injected potassium chlorid. Doses 
of the latter which regularly caused marked rise in blood pressure 
were entirely without effect when administered after calcium salts 
(Fig. 5). Even so small a dose as 1 cc. of two-hundredth molar 
calcium chlorid occasionally prevented the rise in blood pressure 
which otherwise would have followed injection of a much more 
concentrated solution of potassium chlorid (Fig. 6). 

The duration of this inhibitory action of calcium salts varied in 
different dogs. A comparison (Table 3) of the three different salts 
seemed to indicate that when they were injected in equimolar 
amounts the gluconate had the most prolonged effect and the 
chlorid the least, the lactate being intermediate. A point which 
seemed of especial interest, and which is illustrated in Table 3, was 
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the lack of parallelism between the height of the spinal fluid calcium 
and the effectiveness of the calcium salt in preventing the rise of 
blood pressure produced by potassium injections. Thus, in several 
instances the effect of calcium salts in making the animal insensitive 
to potassium chlorid persisted after the calcium content of the 
cerebrospinal fluid had returned to a normal level. In other observa- 
tions the animal recovered sensitivity at a time when the cerebro- 


of 


after um lactate 


Fic. 5.—The pressor response to potassium chlorid (A) was abolished by calcium 
lactate (B.) 


KCL 
INTO CISTERNA | 


Fic. 6.—The very dilute solution of calcium chlorid (B) which caused relatively slight 
decline in blood pressure abolished the pressor response to potassium chlorid (A.) 


spinal fluid calcium was still considerably elevated. These observa- 
tions suggested that the calcium content of the nerve tissue rather 
than that of the cerebrospinal fluid is of chief importance in the 
inhibitory effect produced by this ion. 

Observations were made in order to determine whether the intra- 
cisternal administration of calcium salts would have a general 
effect in abolishing or in diminishing pressor reactions which were 
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TABLE 3.— THE RELATION OF THE DURATION OF THE INHIBITORY Errect oF CALCIUM 
TO THE CALCIUM CONTENT OF THE CEREBROSPINAL FLUID. 


Spinal fluid calcium 


Concentration Duration 

of calcium salt, of inhibi- 
millimols per tory effect, Before - - 

period of recovery of 

inhibition.+ sensitivity 


Weight Calcium After calcium. 


of dog, salt 
ke. injected 


Chilorid 100 2.6 3.5 
Lactate 250 
(Suspension) 
Lactate 117 
Gluconate 100 
Lactate 50 
Chlorid 50 
Chlorid 50 
Lactate 50 
Gluconate 50 
Glueconate 50 
Lactate 50 
Gluconate 50 
Lactate 50 
Lactate 50 
Gluconate 50 
Lactate 50 
Gluconate 50 
Lactate 50 
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* The dose injected was 1 cc. in each instance. 

+ At the time when these samples were withdrawn the animals were still insensitive 
to potassium injections. The values in the next column are for samples taken when 
the animals had recovered sensitivity to potassium injections. 
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CISTERNAL "CAROTIOS CLAMPED 
CALCIUM)  "CAROTIOS RELEASE 
CAROTIOS CLAMPED 
B 


Fic. 7.—The injection of calcium intracisternally did not change the response to 
adrenalin (Fig. 7A) or to clamping the carotids (Fig. 7B). 
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not due to central chemical stimuli. As is illustrated in Fig. 7.4, 
the response to adrenalin was not altered by the administration of 
calcium into the cisterna. Similar neg ative results were obtained 
as regards the carotid sinus reflex (Fig. 7B). The degree of rise in 
blood pressure produced by clamping the carotid arteries was not 
altered by calcium injections. It appears, therefore, that the 
inhibitory action of calcium on pressor agents does not include 
those which increase the blood pressure through reflex mechanisms 
or through action on the peripheral vessels. 


Fic. 8.—Disodium phosphate and sodium oxalate caused pronounced increase 
in blood pressure. 


0.8cc.™49 SODIUM OXALATE INTO CISTERN 


icc. oo KCL INTO CISTERNA 
Woo CA ClL2 INTO 


Fic. 9.—Following the injection of calcium chlorid no pressor response was 
obtained from potassium chlorid. This inhibitory effect of calcium chlorid was 
removed by the injection of sodium oxalate, the animal now reacting with a marked 
rise in blood pressure when potassium chlorid was again injected. 


The Effect of Anions. No significant effects on blood pressure 
were noticed after the injection of 1 cc. of the sodium salts of 
chlorid, sulphate and nitrate in concentrations up to 200 millimols 
per liter. With larger doses slight increases in blood pressure— 
apparently due to osmotic effects—were observed. Pronounced 
rise i blood pressure occurred following the intracisternal adminis- 
tration of di-sodium phosphate, sodium oxalate and sodium citrate 
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(Fig. 8). These effects could be prevented by the previous admin- 
istration of calcium salts. Furthermore, administration of these 
anions abolished the inhibitory effect of calcium salts on the pressor 
response to potassium chlorid (Fig. 9). 


on of 10 


Sodium citrate 


Fic. 10.—The negative result from calcium citrate appears to indicate that the 


positive response to sodium citrate was due to the calcium binding property of the 


citrate ion. 


The injection of sodium phosphate and sodium oxalate, as 
expected, was found to cause a marked decrease in the total soluble 
spinal fluid calcium content. However, the injection of sodium 
citrate caused a significant decrease in the spinal fluid calcium con- 
tent in only 1 of 5 observations (Table 4). It is known that citrate 


INTO CISTERNA. 


Fic. 11.—When given at the height of a pressor effect produced by potassium 
chlorid, magnesium sulphate was followed by a decline in blood pressure. A sub- 
sequent injection of potassium chlorid was now ineffective. 


binds calcium as an un-ionized complex. This fact coupled with 
the observation that the injection of calcium citrate had no effect 
(Fig. 10) seems to indicate that the effect of calcium chlorid and 
lactate is independent of the total concentration and is related only 
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to the ionized calcium. Since there is evidence which suggests that 
the choroid plexus is relatively impermeable to calcium salts,'’" 
the rise in spinal fluid calcium, which occurred in certain instances, 


Following intracisternal injection there 


A few minutes later a prolonged pressor response developed which 
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was an immediate but temporary rise in blood pressure. 


endured for 30 minutes. 


following the injection of citrate can best be explained by the 
assumption that calcium diffused out of the tissues of the nervous 
system into the cerebrospinal fluid. 
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Tasie 4.—Tue Errecr or Sopium CirrRaTe ON SPINAL Fiurp Caccium. 
Date, 
1935 Before After Amount of sodium citrate 


Feb. 5... 3.8 5.0 1 cc. M/2 sodium citrate. 
16 l 20 min. after 1 ec. sodium citrate. 


5A About 2 min, after 1 ee. sodium 
citrate. 

About 10 min. after 1 ec. M/s0 sodium 
citrate, 

1 cc. M/s sodium citrate. 

Magnesium Salts. Only a few observations have been made using 
the chlorid and the sulphate ions. Insofar as the experiments go, 
they indicate that these salts have an action similar to, but less 
pronounced than that of calcium salts (Fig. 11). Doses which in 
themselves had little or no effect on blood pressure produced a 
pronounced inhibition of the pressor effect of potassium. salts. 
The duration of this inhibitory action appeared to be shorter than 
when calcium salts were used. With large doses of magnesium 
chlorid or sulphate, respiratory paralysis and terminal rise in blood 
pressure, apparently due to asphyxia, occurred. When magnesium 
salts were administered at the height of the pressor effect produced 
by potassium, the blood pressure fell rapidly to a normal level in 
some observations but not in others. 


Fic. 13.—The two curves represent two different goats. Potassium chlorid (A) 
and disodium phosphate (B) caused well-marked rise in blood pressure. 


Lead. In view of the clinical evidence’ which points toward a 
relationship between plumbism and increased blood pressure, 
observations were made concerning the effect of lead nitrate when 
administered into the cisterna. Single large doses of lead nitrate 
produced a marked and sustained rise in arterial pressure. When 
smaller amounts were used a decline in blood pressure from the 
first injection was obtained, followed by an increase after subse- 
quent doses. The pressor effects of small doses are slower in onset 
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and more prolonged than those produced by potassium chlorid. 
Doses of lead nitrate which are without effect when injected intra- 
venously may cause a marked rise in blood pressure when given into 
the cisterna. These observations are illustrated in Fig. 12. 

B. OBSERVATIONS ON Goats. In order to determine whether 
the effects observed in dogs were due to some species peculiarity, 
it seemed desirable to make observations on other animals. Goats 
were chosen because they were of a convenient size and further 
because they represented a species of mammal far removed from 
the dog. 

Goats proved less satisfactory than dogs as experimental animals 
because they were less readily anesthetized with sodium pento- 
barbital, and doses sufficient to keep them quiet were likely to be 
fatal. In two observations not complicated by this difficulty, the 
qualitative responses were similar to those found in dogs. Fig. 13 
illustrates the effects of potassium chlorid and of sodium phosphate. 

Discussion. ‘The foregoing results, which are similar in a general 
way to those obtained by Hastings'’ in a study of the mechanism 
of tetany, indicate that the arterial blood pressure may be markedly 
influenced by changes in the electrolyte pattern of the cerebrospinal 
fluid, and that the effects may be exerted through a nerve mechanism 
situated in or near the floor of the fourth ventricle. 

The most pronounced changes in blood pressure have been 
obtained by alterations in the amounts of potassium or calcium. It 
is well known": that these cations have marked influence on cell 
permeability, but whether any relationship exists between this 
action and their effects on blood pressure is uncertain. 

Kylin® suggested that the increased peripheral resistance of 
patients with hypertension is the result of disturbance in the sym- 
pathetic nervous system secondary to changes in the WK Ca ratio. 
Weinstein and Weiss,'’ who reviewed the literature on this subject 
and reported a large series of cases, concluded that the available 
evidence does not favor this assumption. Calculations from our 
experiments indicate that the potassium content of the spinal fluid 
would have to increase by 50 to 100% to produce a marked elevation 
of blood pressure. (Of course, there is the possibility that man is 
more sensitive than the anesthetized dog to changes in the concen- 
tration of potassium.) More must be known about the amount and 
state of potassium in nerve cells before a justifiable claim can be 
made concerning a possible réle of potassium salts in the production 
of hypertension. 

Of the several anions which cause an increase in blood pressure 
when injected into the cisterna, phosphate is the only one which 
is known to accumulate in the body in pathologic states. The 
recent work of Hastings'* and of McLean and Leiter'® have sup- 
ported the idea that the muscular twitchings of uremia are dependent 
on a diminution in the amount of ionized calcium in the body fluids, 
as the result of phosphate retention. Possibly the additional 
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increase in blood pressure which often occurs in the uremic state is 
related to the same mechanism, but further evidence is needed before 
this point can be regarded as established. 

The frequency of hypertension in persons exposed to lead has 
been emphasized by Pal’ and by Riegel.2!. The experiments of 
Tscherkess,” who showed that lead caused contraction in isolated 
vessels, pointed toward a peripheral action of this metal. However, 
our experiments showed that doses which are ineffective intraven- 
ously may cause a pronounced elevation when given intracisternally. 
It seems likely, therefore, that lead hypertension may be due to 
the deposition of the metal in the nervous system. In favor of this 
point of view is the fact that lead encephalopathy is accompanied 
by increase in blood pressure, as Fishberg'® has emphasized. 

Summary. ‘The intracisternal administration of potassium chlorid 
caused a marked rise in the blood pressure of dogs. Similar doses 
of sodium chlorid were without effect. Calcium salts produced 
only slight decline in blood pressure but had a marked and prolonged 
effect in preventing a rise in blood pressure from subsequent injec- 
tions of potassium chlorid. Salts such as oxalate, phosphate and 
citrate, which diminish the ionization of calcium, had marked pressor 
effects. Salts of magnesium had an action similar to, but less 
marked than that of calcium salts. Lead caused a delayed but 
prolonged rise in blood pressure. All of these actions were observed 
following the intracisternal injection of doses which were ineffective 
when administered intravenously. 

The site of action of these electrolytes appeared to lie in or near 
the floor of the fourth ventricle. Effects persisted after section of 
the brain stem above this level, were not obtained after section 
below, and were elicited by the application of as little as 0.1 ce. 
directly to this area. 

Goats reacted similarly to dogs but seemed to be less sensitive 
to the various electrolytes. 

Since the inhibitory effect of calcium on subsequently injected 
potassium did not parallel the concentration of calcium in the 
cerebrospinal fluid, it is believed that the diffusion of calcium into 
the nerve cells was responsible for its effects. 

Since the injection of calcium citrate was ineffective and since 
the administration of sodium citrate, although sometimes causing 
an increase in the total calcium content of the spinal fluid, had an 
effect similar to that from oxalate and phosphate, it is concluded 
that only the ionized calcium is of importance in inhibiting the blood 
pressure response to pressor electrolytes. 

All of these electrolytes, if given in large doses, produced death 
by respiratory paralysis. Marked initial stimulation of breathing 
was produced by potassium, phosphate, oxalate and citrate, but 
not by calcium and magnesium. The former salts also caused 
general restlessness and muscular twitchings. These effects were 
relieved by ionized calcium salts. 
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BLOOD TRANSFUSION IN TYPHOID FEVER. 
By Pepro T. Lanrinxn, M.D., 
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FoRTUNATO S. GUERRERO, 
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MANILA, P. I. 


IN our first paper* on this subject we reported favorable results in 
10 severe cases of typhoid fever treated with blood transfusion. 
Since that time, we have continued using blood transfusion as a 
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treatment of severe cases of typhoid fever showing symptoms of 
marked toxemia. Our present series included only unmistakable 
cases of typhoid fever verified by blood culture. Our controls were 
also positive in blood culture and they were given the regular symp- 
tomatic treatment only. Our transfused cases and controls were 
taken from the same group of patients, in such a way that each 
group represented as far as possible the same severity of the disease 
in the same period of time, matched individually as closely as possible. 
Alternative controls could not be made because we could not obtain 
serial cases of the same severity in the same period of the disease 
and available at the same time; but we made it a point to select 
our patients from the severe cases as indicated not only by the clini- 
eal sVinptoms, but also by positive blood culture in every instance. 
In another report the writers have had occasion to present the prog- 


nostic value of blood cultures in this disease and it is because of this ; 
fact that we have persisted in making blood culture tests in all of 
our cases. ‘ 


Procedure. We remove 150 ec. of blood from the patient and imme- 
diately replace them by direct transfusion of 200 ec. of blood from a donor. 
We purposely started the blood exchange with small amounts, so that we 
could repeat the treatment as frequently as warranted by the circumstances. 
If no favorable reactions were observed, or if marked toxemia returned, we 
repeated the blood exchange the day following or as often and as many times 
as required by the severity of the cases after an interval of 2 to 4 days. Some- 
times, We gave as many as 7 transfusions. 

In cases, however, where there was intestinal hemorrhage, we did not 
remove blood from the patient but proceeded at once to transfuse 200 cc. 
of blood from the donor. Intestinal hemorrhage in itself is already a natural 
method of exsanguination, so we believed that no further withdrawal of 
blood from the patient would be necessary or advisable. 


Observations. So tar, we have treated 41 severe cases of typhoid 
fever with blood transfusion and 34 cases without. We have suc- 
ceeded in reducing the fatality from 47.05°; in the cases of our con- 
trol (without blood transfusion) to 24.39¢; in our transfused cases 
(Table 1). 


TABLE Fatrauiry or Typnoip Fever with BLoop TRANSFUSION (1933-1934). 


Fatality rate, 
Recovered Died Total per cent 

Transfused 31 10 4] 24.39 

Non-transfused (control) 1S 16 34 17 05 


Discussion. The rationale of our method of treatment is based 
on the principle of detoxication brought about by the withdrawal 
of blood from the patient and its immediate replacement with new 
blood from a donor. One can easily realize how the removal of the 
blood of a typhoid patient, loaded with the typhoid toxins and the 
introduction of new fresh blood from a donor, would bring into the 
system new protective elements against the disease. We agree with 
Tremelieres and Tzanck that ‘‘blood transfusion is capable of increas- 
ing and stimulating the organic defenses already insufficient or 
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decreased.’ ..."’ Furthermore, it is well known that blood trans- 
fusion has always an excellent antihemorrhagic effect. 

In some old treatises on internal medicine, we read that many 
clinicians used to remove blood from their typhoid patients without 
however giving them a blood transfusion. For instance, Grisolle® 
withdrew from 12 to 16 ounces of blood which, at times, he even 
repeated twice consecutively; Chirac, 4 to 5 cups every 13 hours 
until the pulse improved; Forget,’ 28 ounces; Bouillaud,? 33 pounds, 
and Louis,? 12 ounces to be repeated in severe cases. However, 
this method of typhoid treatment was later discontinued and fell 
into disuse for many years. Even in our modern medical literature, 
we find reports of some clinicians employing simple blood transfu- 
sion without partial exsanguination in typhoid fever, particularly 
in cases with intestinal hemorrhages, but apparently in no case 
was the treatment followed up sufficiently to make of it one of the 
more classical therapies of our present days. 

For our part, we use partial exsanguination followed at once by 
blood transfusion as a general treatment in our severe cases of 
typhoid fever. We believe that this procedure brings about a more 
rapid detoxication and an early neutralization of the poisons in the 
system, an immediate introduction of protective elements and the 
stimulation of the defenses of the body. 

The idea of detoxication by partial exsanguination is borne out 
by clinical observations in typhoid patients with moderate or even 
severe hemorrhages, after which, convalescence begins in many 
cases. 

The beneficial results of this kind of treatment are readily seen in 
Table 1. The fatality was actually reduced from 47.05¢; in non- 
transfused cases to 24.39° in those that were transfused. As 
in our previous observations,‘ here again we were able to test the 
important significance of continued positive blood culture in the 
appreciation of the ultimate outcome of the case. 

After blood transfusion, we have generally observed a decrease in 
temperature, usually from 2 to 4 days accompanied by a decided 
improvement of the pulse which becomes stronger and more regular, 
and a gradual subsidence of other toxic symptoms with a general 
improved feeling on the part of the patient. 

Some cases, however, may develop chills or chilly sensations a 
quarter or half an hour after the transfusion, lasting for several 
minutes and followed usually by a momentary rise in temperature 
which becomes normal or subnormal after a short time, in some cases 
accompanied by sweating. This temperature soon rises again to 
about the same level as before the injection but will gradually 
subside afterwards in favorable cases. 

In about half of our series of 41 cases, we have repeated the trans- 
fusion of blood as circumstances demanded, as follows: 
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1 blood transfusion to 22 cases, 2 in 10 cases, 3 in 6 cases, 4 in 
1 case, 5 in | case, 7 in | case. 

Treatment by immuno-transfusion is based on the theory that 
blood which has acquired immunization in typhoid either by actually 
having had the disease or by vaccinations will be more effective in 
the treatment of this particular disease. This was true with the 
observations of Becart,! Tremelieres and Tzanck® who found good 
results in the treatment of typhoid fever with immuno-transfusion. 
But on the other hand, Weil, Rouillard, Netter, Andibert, Tixier 
and Seze® have observed beneficial results with the use of non- 
immunized blood. We have also begun observations along these 
lines but until now, we do not feel justified to report them. We he ve 
obtained some promising results, but the number of our cases is 
still too small to warrant definite conclusion. 

Summary. This material is presented as a preliminary report; 
for it is realized that the observations are rather limited and the 
number of cases (41) included in our series is comparatively small. 

Purposely, the author selected only these cases of typhoid fever 
that were regarded as severe, verified by positive blood culture and 
with marked toxemic manifestations. 

The study was carried as far as possible under similar conditions 
for the treated and the control cases. 

Partial exsanguination has always been practiced immediately 
preceding blood transfusion, except in those cases where intestinal 
hemorrhages had occurred. 

The fatality percentage was reduced from 47.05% in the control 
cases to 24.39°7 in the treated cases. 

Conclusion. In spite of the limited number of cases and in view 
of the promising results obtained, it is thought that this method is 
of sufficient value that it should be given a fair trial by others in the 
near future. 


The writers desire to express thanks and appreciation to President Jorge Bocobo 
of the University of the Philippines, and to Dean Fernando Calderon of the College 
of Medicine, for their generous grants which made these observations possible. 
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For anp AGartnst Docrors. An Anthology Compiled by Ropert Hurcn- 
ison and G. M. Waucnore. Pp. 168; illustrated. Baltimore: William 
Wood «& Co., 1935. Price, $2.00. 


Tus urbane little anthology pretends to do no more than scratch the 
surface of the vast corpus of opiniative literature on the virtues and vices 
of the practitioners of the world’s second oldest profession, The material, 
most of which appeared originally in the London Hospital Gazette, is arranged 
in chronological order, beginning with proverbs of indefinable antiquity 
and concluding with such irrepressible, if sadly fading, moderns as G. B.8., 
G. K. Chesterton and Dean Inge, no one of these being very felicitously 
represented. The dicta come from many lands and many hands, and repre- 
sent for the most part lay opinion. This ranges widely, as is to be expected, 
from the grossest abuse to the most unqualified endorsement. The wittiest 
expressions, as often the most profound, are to be sought in the former cate- 
gory, in accordance with the well-known frailty of human nature. But it is 
not easy to forget Stephen Paget's words (from the Confessio Medici) which 
conclude this anthology —‘ If a doctor's life may not be a divine vocation, 
then no life is a vocation, and nothing is divine.”’ 

It is much to be hoped that a more comprehensive collection of similar 
excerpts may someday be made, and that it may include more of what the 
doctors have had to say about themselves. It should not include the trivial, 
however illustrious the oracle, when the literature of all lands is so rich in 
original and pungent observations on the subject. Meanwhile, this prelude 
to the potential grand fugue ought to be in the library of every doctor with 
a sense of humor and a pride in his profession. W. MeD., 2b. 


Diz IN UND Praxis. By Dr. Hans Hemme, 
Privatdozent fiir Neurologie, Chefarzt der neurologischen Abteilung des 
allgemeinen Krankenhauses Barmbeck in Hamburg. Pp. 205; 96 illus- 
trations. Miinchen: J. F. Lehmanns, 1935. Price, Mk. 7. 

A CONCISE treatise on the laboratory examination of the cerebrospinal 
fluid. There are introductory chapters on anatomy and physiology; then 
follow a description of the technique of the usual tests, and a clear exposi- 
tton of normal findings. The latter half outlines the characteristics of the 
cerebrospinal fluid in the chief neurological and neurosurgical disorders. 
Pathologists, internists, and neurologists will value the book for the acces- 
sibility of its material, and for the clear description of the procedures 
advocated. : 


Us 


Les Paratuyroipes. First Fascicle, Volume 2 of Traité d’Endocrinol- 
ogie. By C. I. Parnon, Professeur A l'Université de Jassy, and M. 
GOLDSTEIN, Docent A l'Universite de Bucarest. Pp. 524; illustrated. 
Jassy: H. Goldner, 1935. Fr. frances, 40. 

IN this first fascicle of Volume 2 of this treatise, the first that has reached 
us, the normal and pathological anatomy of the parathyroids, the human 
and comparative symptomatology of parathyroid disease, their relation to 
certain disorders of the bones, the skin and the nervous system and to 
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other endocrine disorders and parathyroid therapy are presented in con- 
siderable detail. In the very frequent references to the works of other 
writers, the volume resembles a monograph more than a textbook; but un- 
fortunately for those wishing to use it as a reference book, the bibliography 
has been reserved for the second fascicle, which will be on the thymus. One 
misses an index also, as is customary in books in French: with the method 
of composition used in this book, an extensive index would have been 
especially valuable. E. K. 


THE CEREBROSPINAL FLUID AND Its RELATION TO THE BLoop. A Physio- 
logical and Clinical Study. By Soromon M.D., 
Associate in Psychiatry, in charge of The Laboratory of Internal Medi- 
cine, The Henry Phipps Psychiatrie Clinic, The Johns Hopkins Medical 
School, ete. Pp. 468; 48 tables and 20 charts. Baltimore: The Johns 
Hopkins Press, 1935. Price, $5.00. 

Tus reference book is divided into two parts. The first three chapters 
deal with the origin of the cerebrospinal fluid, its mode of formation, and 
circulation. The remainder of the volume is devoted to the chemical con- 
stitution of the fluid compared to that of blood. 

In a reference work the reader hopes to find each chapter introduced 
by a statement of the problem followed in turn by a marshalling of data, 
critical comments and conclusions, and a summary; at the end of the book 
a complete bibliography and a workable index. Such is the author's plan. 
Of the components mentioned, only the first leaves something to be desired. 
Particularly commendable is the scrupulous separation of data from the 
author’s comments. The result is a scholarly and prudent treatise, worthy 
of a place on the shelf of every researcher in the subject. For the rare gift 
of an incisive stvle that points the challenge of the chosen field, the reader 
of this volume seeks in vain. G. McC. 


PoLLeEN Grains. Their Structure, Identification and Significance in 
Science and Medicine. By R. P. Woprnousr, Pu.D.. Scientific Director 
of the Hayfever Laboratory, The: Arlington Chemical Company, Yonkers, 
New York. Pp. 574; 123 illustrations and 14 plates. New York: 
McGraw-Hill Book Company, Ine., 1935. Price, 86.00. 

Far and away the finest text available on the subject of pollen grains 
from the medical point of view. In Part I, after an interesting historical 
review, the author discusses methods of collecting pollen in large amounts, 
preparation of pollen for microscopic examination, atmospheric pollen, 
hayfever, pollen-grain characteristics. There is a chapter by Professor 
Gunnar Erdtman of Stockholm on pollen statistics, especially as applied to 
geologic research. Part II is a key and classification of pollen grains for 
purposes of identification. The numerous excellent illustrations are for the 
most part drawings by the authors. All physicians interested in the rdle 
of pollen grains in the causation of human disease owe Mr. Wodehouse a 
great debt of gratitude. SS 


KLINIK UND THERAPIE DER ALLERGISCHEN KRANKHEITEN. By Dr. Ericu 
Ursacn, Privatdozent fiir Dermatologie an der Universtit Wien. 1. 
Assistant der Universititsklinik fiir Geschlechts- und Hautkrankheiten 
in Wien (Vorstand Pror. Dr. W. Keri). Pp. 781; 302 illustrations (26 
in colors) and 24 tables. Wien: Wilhelm Maudrich, 1935. Price, Rm. 30. 
Tue first part of the book is devoted to general and theoretical considera- 

tions of the subject, including a detailed discussion of types of hyper- and 

hyposensitivity, researches in experimental anaphylaxis, the pathogenesis 
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of allergy, allergens, antibodies, the factors predisposing to allergy, the 
tissue manifestations of allergy, technique of testing for allergy, preparation 
of allergens, principles of treatment of allergy. These subjects are well 
covered and the existing literature is skillfully evaluated. 

Part II deals with the special manifestations of allergy, their diagnosis 
and treatment. Allergy of the respiratory tract (asthma, hay fever, allergic 
rhinitis) is handled a bit sketchily, although adequately from the standpoint 
of the general practitioner. Particularly well done are the allergic condi- 
tions of the skin, a field in which the author, primarily a dermatologist, 
has made numerous and valuable contributions. There is appended a very 
useful table of concentrations of materials to be used in patch testing. 
Allergists and dermatologists alike will find this volume helpful and worth- 


while. 


GLANDULAR PHysloLOGY AND THERAPY. A Symposium Prepared under 
the Auspices of the Council on Pharmacy and Chemistry of the American 
Medical Association. Pp. 528; 7 charts; S illustrations. Chicago: 
American Medical Association, 1935. Prige, $2.50. 

Tuts physically well made book is the best work of its kind known to the 
Reviewer. There are 31 chapters by 26 authors, covering the points of 
major interest in modern endocrine physiology and therapy. With the 
exceptions of Aschheim and Zondek, all contributors are American or Cana- 
dian authors who are recognized authorities on the subject about which 
they write. Each chapter has a separate bibliography. There is an index. 
All of the articles have previously appeared in the Journal of the American 
Medical Association. F. D. 


Carpiac Ourpur AND ARTERIAL HyPerTENSION. By Stpney A. Giap- 
stone, M.D. Pp. 56; illustrated. New York: By the Author, 1935. 
Price, $1.00. 

Tus 56-page monograph is little more than an elaboration of several 
papers published recently by the same author. The Grollman Cardiac 
Output Method has been reinvestigated, is criticized, and a modification 
developed. This new technique has been employed to estimate cardiac 
output in a few cases of hypertension. A long theoretical discussion of the 
causation of hypertension follows. I. S., Jr. 


Diz THEORETISCHEN GRUNDLAGEN UND MOGLICHKEITEN DER RONTGEN- 
DIAGNOSTISCHEN WEICHTEILUNTERSUCHUNG. (Forty-eighth supplemen- 
tary volume of Fortschritte auf dem Gebiete der Réntgenstrahlen.) By 
Dr. Avo_r ZuppInNGerR. Pp. 99; 46 illustrations. Leipzig: Georg 
Thieme, 1935. Price: Paper, Rm. 16; Bound, Rm. 18, 

- Tuts excellent monograph deals with physical factors that radiologists 

have empirically come to regard as necessary for high quality films. The 

subject matter, though technical and replete with formule and physical 
measurements, is admirably presented. While the author does not outline 
the actual technique for the various Roentgen examinations, he does ana- 
lyze the importance of the various factors, such as wave length, time of 
exposure, secondary irradiation, gamma value of films, filtration, screen 
illumination and the part they play in obtaining excellent roentgenograms. 

The book contains numerous illustrations and charts which enhance its 

value. 
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Inrant Nurrition. A Textbook of Infant Feeding for Students and Prac- 
titioners of Medicine. By Wituiams McKim Marriort, B.S., M.D., 
Professor of Pediatrics, Washington University School of Medicine; 
Physician in Chief, St. Louis Children’s Hospital, St. Louis. Pp. 431; 
27 illustrations. Second edition. St. Louis: The C. V. Mosby Com- 
pany, 1935. Price, $4.50. 

Tuts new edition of Dr. Marriott's book covers in an interesting and yet 
concise fashion the important aspects of the nutrition of children. A num- 
ber of changes have been made in this edition, some of which add to its 
value and some do not appeal to this Reviewer at all. Important advances 
in our knowledge of the vitamins necessitated complete revision of the 
appropriate chapter and this has been well done. A new chapter on the 
relation of allergy to the feeding of children has been added. While perhaps 
too abbreviated for the man specializing in Pediatrics, it presents adequate 
information for the cursory reader. Slight revisions throughout the rest 
of the book have been necessary due to recent progress. 

The Reviewer regrets that the publishers did not use the same paper and 
type as in the previous edition. Most of us read with artificial light and 
the paper and print of the first edition were kind to eyesight even though 
some Charts were not as clear cut. The author has combined in a greatly 
condensed form information concerning anhydremia, acidosis and alkalosis 
occasioned by diarrhea and vomiting in the appropriate chapters on these 
subjects. True, many of the charts of the old edition were more appropriate 
to a monograph but the bulk of the chemical information offered a very 
clear exposition of those subjects to the student or practitioner. The 
Reviewer regards the new edition as too abbreviated in these matters. The 
chapters on Rickets, Scurvy and Tetany, while very well written, could be 
condensed for these topics befit the textbook on Pediatrics better though 
they should be mentioned in a volume of this type. 

Marriott's Infant Nutrition is still the leading small book on this subject 
for the student. E. T., Jr. 


CLASSICAL CONTRIBUTIONS TO OBSTETRICS AND GyNecOoLOGY. By HErR- 
BERT THoms, M.D., Associate Professor of Obstetrics and Gynecology, 
Yale University. With a Foreword by Howarp A. Keviy, Emeritus 
Professor of Gynecology, Johns Hopkins University. Pp. 265; illustrated. 
Springtield, Ill.: Charles C Thomas, 1935. Price, $4.00. 

ADVANCES in the fields of Obstetrics and Gynecology have been slower 
than in the sister branches of Medicine and Surgery. Furthermore, obstet- 
ricians as a group are not especially known for either their interest in research 
or for any outstanding interest in the history of their specialty. The present 
small volume on the history of Obstetrics and Gynecology makes an excep- 
tion to the above statements. Thoms’ contribution is a welcome one to 
this field of obstetrical textbooks; he has written a valuable book to those 
interested in obstetrics, and one within the price range of all. 

For the first time, we have a small volume in which we can learn some- 
thing regarding the life and times of past masters in obstetrics; and more 
especially can read in the original the classical contributions of these authors. 
Some 60 extracts of two or three pages each are preceded each by a para- 
graph about the author, while the 7 chapters have appropriate forewords. 

Every chapter is interesting. The analysis of the material under appro- 
priate headings such as pregnancy, labor, obstetrical operations, puerperal 
infection, pelvic deformities, and so forth, is of great assistance to the reader, 
and each contribution, frequently with a picture of its author, has its fas- 
cination for the student of obstetrical history. 

The book is well composed: The type is large and clear; a useful bibliog- 
raphy and index are appended. The Reviewer's only complaint is that the 
author has perhaps been too brief. D. M. 
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ANATOMY OF THE Rat. By Eunice Cuace Greene. Vol. 27 of the Trans- 
actions of the American Philosophical Society, held at Philadelphia for 
Promoting Useful Knowledge. Pp. 370; 338 illustrations, partly in color. 
Philadelphia: The American Philosophical Society, 1935. Price, $5.00. 
IN view of the extensive use of the albino rat for various laboratory pur- 

poses it is indeed surprising that there has hitherto not been any book on 

his normal anatomy more detailed than Hunt’s Manual (1924) for students. 

The present work, somewhat comparable to the good human textbook of 

Anatomy, obviously therefore supplies a needed want, both for advanced 

students of Comparative Anatomy and for investigators using the albino 

rat. After preliminary dissections, thorough dissections were made of each 
system in at least 10 animals and drawings made by the author of the con- 
dition found in the majority. These numerous drawings add greatly to the 
value of the book. This work in conjunction with the data contained in 

H. H. Donaldson’s “The Rat”’ (second edition, 1924) places knowledge of 

the anatomy of this animal far beyond that of any other lower animal and 

in some respects of man himself. E. K. 


Tue Ossretric Peivis. By Hersert Toms, M.D., F.A.C.S., Associate 
Professor of Obstetrics and Gynecology, The School of Medicine, Yale 
University. Pp. 115; 50 illustrations. Baltimore: The Williams & 
Wilkins Company, 1935. Price, $2.50. 

THis monograph presents in a collective manner the essence of the 
author’s many published contributions to this subject, together with per- 
tinent comments on those of others. He discusses normal and variant 
pelves in both their anatomical and clinical relations in a clear and lucid 
manner, Of specific interest are his observations on pelvimetry: the fre- 
quent findings of marked differences in the true or internal measurements 
as revealed by Roentgen ray, in contrast to what might have been expected 
from external pelvimetry substantiates his feeling that every primigravida 
should have roentgen pelvimetry. His technique for pelvic mensuration 
as well as for fetal cephalometry is given in detail. In an excellent chapter 
on the early determination of disproportion are his views as to the various 
factors concerned, and the value of roentgen pelvimetry. The funnel 
pelvis, the dolichopellic pelvis and the recent classification of the abnormal 
pelvis by Caldwell and Moloy are thoroughly considered. A valuable 
bibliography is appended. 

This work should be of value both to the obstetrician and to his co-worker 
the roentgenologist. 


BrBLioGRAPHY ON BLoop Transrusion, Vo_tume I. (International Bibli- 
ography on the Problems of Blood Transfusion and the Theory of Blood 
Groups, 1900-1933.) By Dr. E. Kornic. Pp. 226. Leningrad: Pro- 
fessor E. Hesse, 1935. Price, 12 p., 50 k. 

* Tuts publication consists of a list of 4423 articles on blood transfusion 

and blood groups which have appeared in the world literature between 

1900 and 1933. The finding of any article in the list is facilitated by classi- 

fication into subtopics, a system of cross-indexing and an author index. 

The preface and section titles are written in Russian, German, English, 

French and Italian. Titles of articles in Russian or languages other than 

German, English, French or Italian are duplicated in German. Such a 

work as this is clearly of great value to anyone investigating the literature 

on blood transfusion. 


NEW BOOKS 


NEW BOOKS. 


Great Doctors of the Nineteenth Century. By Sin Wiviiam Have-Wuire, 
K.B.E., M.D., LL.D. (Hon.), F.R-C.P., Consulting Physician to Guy’s 
Hospital. Pp. 325. Baltimore: William Wood & Co., 1935. Price, 
$5.00. 

American Martyrs to Science Through the Roentgen Rays. With a Short 
Glossary of the Scientific Terms used in the Text. By Percy Brown, 
M.D., F.A.C.P., F.A.C.R., Historian and Former President, American 
Roentgen Ray Society. Pp. 276; 55 illustrations. Springfield, HL: 
Charles C Thomas, 1936.) Price, $3.50. 

Pediatric Nursing. By Jounx Zanorsky, A.B... M.D., F.A.C.P., Professor 
of Pediatrics and Director of the Department of Pediatrics, St. Louis 
University School of Medicine; Pediatrician-in-Chief to the St. Mary’s 
Group of Hospitals, ete., assisted by Beryl I. Hamilton, R.N., Graduate 
of St. Luke’s Hospital, St. Louis. Pp. 568; 144 illustrations and 7 color 
plates. St. Louis: The C. V. Mosby Company, 1936. Price, 33.00. 

Cardiac Output and Arterial Hypertension. By SipNEY A. GLADSTONE, 
M.D. Pp. 56; illustrated. New York: By the Author, 1935. Price, 
$1.00. (Review p. S56.) 

The Chemistry of Natural Products Related to Phenanthrene. By L. F. 
Firser, Associate Professor of Chemistry, Harvard University. Pp. 
358. New York: Reinhold Publishing Company, 1936. Price, 36.50. 

Tuberculosis. (Vol 16 of Clio Medica Series). By Geratp B. Wess, 
Former President, National Tuberculosis Association; Lecturer on 
Medical History, University of Colorado; President, Colorado Founda- 
tion for Research in Tuberculosis. Pp. 205; 17 illustrations. New 
York: Paul B. Hoeber, Inc., 1936. Price, $2.00. 

How to Feed Children in Nursery Schools. By Mary E. Sweeny and Doro- 
THY Curts Buck, Physical Growth Staff, The Merrill-Palmer School. 
Pp. 84; illustrated. Detroit: The Merrill-Palmer School, 1936. Price, 
Gratis. 

Die Werke des Hippokrates. Werausgegeben von Dr. Mep. Richarp 
KAPFERER unter Mitwirkung von Prof. Dr. GeorG Srricker, Wiirburg. 
Book 7 (Price, Rm. 7.50; Pp. 85): Die Natur (Konstitution) des Men- 
schen; Die Nahrung; Die Safte (The Nature (Constitution) of Man; 
The Nutriments; the Humors). Book 10 (Price, Rm. 5.25; Pp. 75): 
Die Krisen; Die Kritischen Tage; Prognostikon (The Crises; The Critical 
Days; Prognostics). Stuttgart: Hippokrates Verlag G.M.B.H., 1934 
and 1936, respectively. (To be published in 25 parts costing ca. Rm. 100, 
card binding.) 

Time of Ovulation in Women. A Study of the Fertile Period in the Menstrual 
Cycle. By Cari G. Harrman, Department of Embryology, Carnegie 
Institution of Washington, Johns Hopkins Medical School, Baltimore, 
etc. Pp. 226; 72 illustrations. Baltimore: The Williams & Wilkins 
Company, 1936. Price, $3.00. 

Cancer Commission Committee Studies. The California Medical Associa- 
tion. (The results of a five-vear correlated study by one hundred and 
fifty members of the medical profession). Pp. 123. San Francisco: 
J. W. Stacey, Inc., 1936. Price, 75e. 

Medical Papers. Dedicated to Henry Asbury Christian. Physician and 
Teacher. From his Present and Past Associates and House Officers at 
the Peter Bent Brigham Hospital, Boston, Massachusetts. In Honor 
of his Sixtieth Birthday, February 17, 1936. Edited by Roserr F. 
Monroe, Peter Bent Brigham Hospital. Pp. 1000; illustrated. Balti- 
more, The Waverly Press, 1936. (No price given.) 
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Medical History of Contraception. By Norman E. Himes, Pu.D. Medical 
Foreword by Rosperr Larovu Dickinson, M.D., F.A.C.S. Pp. 521; 
30 illustrations and 29 tables. Baltimore: The Williams & Wilkins 
Company, 1936. Price, $7.00. 

Protoplasm. By Setrriz, Pa.D. (Johns Hopkins University), 
Professor of Botany, University of Pennsylvania, Philadelphia. Pp. 584; 
179 illustrations. New York: MeGraw-Hill Book Company, Inc., 
1936. Price, $6.00. 

Photoimmunization and Photovaccination. By S. Peskinp, B.S., M.D., 
Cleveland, Ohio. Pp. 13. Cleveland: The 8. P. Mount Printing 
Company, 1936. (No price given.) 

The Surgical Clinics of North America, Volume 16, No. 1 (Chicago Number, 
February, 1936). Pp. 356; 78 illustrations. Philadelphia: W. B. 
Saunders Company, 1936. Price, Paper, $12; Clotlr, $16 (per clinic year 
February—December, 1936). 

Parenteral Therapy. A Ready Reference Manual of Extra-oral Medication 
for Physicians, Dentists, Pharmacists, Chemists, Biologists, Nurses, 
Medical Students and Veterinarians. By Watron Forest Duron, 
M.D., Formerly Medical Director, Polyclinic and Medico-Chirurgical] 
Hospitals, Graduate School of Medicine, University of Pennsylvania, 
ete., and Grorce Burr Lake, M.D., Formerly Special Lecturer in 
Hygiene, Purdue University, ete. Pp. 376; 90 illustrations: Spring- 
field, Ill.: Charles C Thomas, 1936. Price, $7.50. 


NEW EDITIONS. 


Basal Metabolism in Health and Disease. By EvGenr F. Du Bors, M.D., 
Medical Director, Russell Sage Institute of Pathology; Professor of 
Medicine, Cornell University Medical College, New York; Physician-in- 
Chief to the New York Hospital. Pp. 494; 99 illustrations, 67 tables. 
Third edition, thoroughly revised. Philadelphia: Lea & Febiger, 1936. 
Price, $5.00. 

A Guide to Human Parasitology. For Medical Practitioners. By D. B. 
M.D. (Epin.), D.P.H. (Lonp.); D.T.M. (Liver.), Pro- 
fessor of Tropical Hygiene, Liverpool School of Tropical Medicine, The 
University of Liverpool, and formerly Professor of Parasitology; Director 
of the Sir Alfred Lewis Jones Laboratory, Freetown, Sierra Leone, West 
Africa, and T. SourHwe.i, D.Sc., Pu.D., A.R.C. Sc., F.Z8., F.R.S.E., 
Walter Myers Lecturer in Parasitology, School of Tropical Medicine, 
The University, Liverpool, ete. Pp. 259; 122 illustrations, 2 colored 
plates. Second edition. Baltimore: William Wood & Co., 1935. 
Price, $4.00. 

Lectures on Diseases of Children. By Rosperr Hurcuison, M.D., LL.D., 
F.R.C.P., Consulting Physician to the London Hospital and to the Hos- 
pital for Sick Children, Great Ormond Street. Pp. 452; 106 illustrations. 
Seventh edition. Baltimore: William Wood & Co., 1936. Price, 
$6.75. 

Roentgenographic Technique. A Manual for Physicians, Students and 
Technicians. By Darmon ArTeLLE Rutnenart, A.M., M.D., F.A.C.R., 
Professor of Roentgenology and Applied Anatomy, School of Medicine, 
University of Arkansas; Roentgenologist to St. Vincent's Infirmary, 
Baptist State, Missouri Pacific, and the Arkansas Children’s Hospitals, 
Little Rock, Arkansas. Pp. 431; 183 illustrations. Second edition, 
thoroughly revised. Philadelphia: Lea & Febiger, 1936. Price, $5.50. 
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THE POST-TRAUMATIC PERSONALITY DISORDERS. 


THE great interest manifested during the past few years in the 
problems of mental disorders following head trauma continues unabated 
among psychiatrists and neurologists here and abroad. From both a 
scientific and a medico-legal standpoint these problems are assuming 
an ever increasing importance. Johnson! has briefly reviewed the con- 
tributions in this field up to 1934 in this journal. The present review 
will be confined to a consideration of the post-traumatic psychoneu- 
roses and their organic counterpart, the so-called traumatic constitu- 
tion or traumatie encephalopathy, disregarding the acute traumatic 
psychoses, post-traumatic mental deterioration, traumatic epilepsy, 
and the traumatic precipitation and aggravation of other psychiatric 
and neurologic disorders. These subjects, as well as the one under 
consideration here, have been discussed fully in a recent publication 
of Ebaugh and Benjamin. 

The differentiation of traumatic encephalopathy from functional 
disorders following trauma has not only therapeutic but also medico- 
legal significance, since many courts refuse or grant only reduced com- 
pensation to cases of post-traumatic psychoneurosis. The differential 
diagnosis can be extremely difficult, requiring minute neurologic and 
psychiatric examinations (Strauss and Savitsky’ reviewed by Johnson).! 
The problem is further complicated by the frequent simultaneous 
occurrence of organic and functional post-traumatic manifestations in 
the same patient. It is therefore not surprising that considerable 
difference of opinion and perhaps some confusion still exist concerning 
these conditions. Several publications of the past year have con- 
tributed toward a clearer understanding of the issues involved. 
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Wechsler? presents a series of 100 cases of which 27 gave obvious 
objective evidence of brain injury, whereas the remaining 73 presented 
no gross signs of organic involvement but complained of subjective 
disturbances such as headache, dizziness, impairment of memory, fears, 
anxieties, vasomotor disturbances, tremors, impairment of vision. 
He places these post-traumatic syndromes in the following 4 classes: 
(1) Malingering, in which there is a conscious and purposeful feigning 
of illness in order to avoid responsibility or to derive gain (unalloved 
malingering is extremely rare, being found only once in the author's 
series); malingering with hysteria was present in 2 cases; (2) post- 
traumatic hysteria, the most common post-traumatic sequela that is 
unaccompanied by gross organic involvement. Wechsler diagnosed 
this condition outright in 37 of his cases, in addition found hysteria 
with traumatic encephalopathy 17 times, and hysteria combined with 
malingering twice. He emphasizes that the diagnosis should be based 
on both negative and positive criteria, including under the former a 
history of either no or very brief unconsciousness, no clinical signs of 
brain injury, no evidence of fracture, and a negative encephalogram ; 
and under the latter positive evidence of a true hysterical reaction 
precipitated by trauma in an individual with an underlying neurotic 
personality. The trauma sets in motion the same mental mechanisms 
as in any other hysteria and serves as a convenient solution of industrial, 
social, marital, familial or psychosexual conflicts; (3) concussion or 
traumatic encephalopathy, found in 11 cases alone, and in 17 cases 
in combination with hysteria. In every case there was a history of 
more or less prolonged unconsciousness; minute neurologic signs were 
found in only a few. Typical for these causes are the history of uncon- 
sciousness, the absence of psychogenic causal factors, the persistence 
and severity of the symptoms, and positive encephalographic findings. 
The author quotes Martland,’ Foerster and Penfield,’ Bielschowsky,’ 
Rand and Courville’ and Friedman® as having contributed greatly to 
the knowledge of the anatomic changes underlying this condition, such 
as minute hemorrhages, glial changes, cell and fiber degeneration, dis- 
turbed cerebrospinal dynamics, ventricular distortion, brain 
atrophy; (4) traumatic neurosis, diagnosed in 5 cases. Wechsler calls 
attention to the fact that this term is frequently used synonymously 
with traumatic hysteria, but believes that one is here dealing with 
two distinct entities. Clinically this condition differs little from hys- 
teria, but it is apparently not dependent on the unconscious use of the 
accident to solve difficulties that have nothing to do with the trauma. 
One is not dealing with a patient who has a neurotic personality to 
begin with, but rather with a previously well adjusted individual who, 
following a serious threat to life, without serious head injury, develops 
symptoms which are not amenable to suggestion or other forms of 
psychotherapy. There are no demonstrable cerebral changes, hysterical 
mechanisms cannot be elicited, and compensation does not play a 
predominant role. 

Ebaugh and Benjamin’ point out that the contributors to this field 
vary greatly in their use of terms, evaluation of symptoms, and esti- 
mation of the frequency and medico-legal disposition of the various 
conditions to be differentiated. After mentioning the contributions 
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of Brun,'’ Kennedy,’ Hall and Mackay," Monakow,'' 
Naegeli,”” Riese,'" Ritter,’ Rosenstein,'® Schaller and Somers,'’ Sper- 
ling?” Strauss and Savitsky,’ and Wechsler,’ they suggest the following 
classification of the post-traumatic minor personality disorders, which 
in many respects coincidents with that of Wechsler: 

1. Traumatic encephalopathy (traumatic constitution): A, Simple 
type, with subjective complaints of headache, vertigo, irritability, 
fatigue, impairment of memory; B, with secondary psychogenic symp- 
toms; ©, with malingering. 

I]. Post-traumatic functional disorders: A, Post-traumatic hysteria 
(rarely other psychoneuroses): a true liysteria precipitated by trauma 
in an individual with an underlying neurotic personality; may be 
accompanied by malingering; B, compensation neurosis: a hysteria in 
which the wish for compensation plays a leading réle in the unconscious 
production of symptoms; may be accompanied by malingering; C, 
traumatic neurosis or terror neurosis: a neurosis, usually hysteriform 
with pronounced anxiety features, in which the psychogenic mechan- 
isms differ from those in ordinary hysteria. 

Il]. Malingering. 

In their discussion of traumatic encephalopathy the authors empha- 
size that no physician is justified today in denying the existence of 
organic factors in post-traumatic cases on the basis of a cursory neuro- 
logic examination and the impression that the patient is a “neurotic.” 
Kennedy's’? anamnesic and clinical criteria are presented (Johnson!) ; 
they are held to be of great value in giving a general orientation as to 
the probabilities in any case, but not to be conclusive evidence. The 
authors, in common with Strauss and Savitsky,*" stress the importance 
of a minute neurologic examination; minimal signs will be found in a 
great many although by no means all cases. Slight differences in 
reflexes on the right and left side, diminished vibratory sensation in 
both lower extremities, diminished corneal reflexes, and difficulty in 
lateral conjugate gaze are mentioned as but a few of the many findings 
reported, The authors’ own experience confirms the opinion of Foer- 
ster! Foerster and Penfield,® Friedman,’ and many others that enceph- 
alography is a highly valuable adjunct to clinical investigation in this 
field. They emphasize further the great importance of a detailed formal 
psychiatric examination, particularly of the sensorium. Special tests 
for apperception, retention and recall, memory, and organic fatigability 
are recommended. The Rorschach test is mentioned as being of great 
value in cases where the differential diagnosis between encephalopathy 
and the functional syndromes is particularly difficult, and reference is 
made to the work of Oberholzer®? in this respect. 

In their consideration of the functional post-traumatic disorders 
and malingering, the authors agree fully with Wechsler’s* definition 
and delimitation of the latter term, and share his opinion that unalloyed 
malingering is rare. In discussing the psychoneurotic reactions, they 
point out that whereas a priori it might be expected that any type of 
neurosis could be precipitated by head injury, empirically almost all 
of these cases are hysterias, with or without anxiety, and regard this 
as due to the specific predisposition of the hysterical personality to use 
all possible situations as a means of escape into illness, as well as to the 
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abnormal suggestibility of the hysterical personality. They further- 
more agree with Wechsler that the diagnosis should not be made merely 
through the exclusion of organic signs, but requires positive evidence 
of hysterical mechanisms. They base their differentiation of compen- 
sation neurosis from other post-traumatic hysterias not on the grounds 
of true etiology, which in both cases lies in conflicts which have no 
relation to the trauma, but rather on the practical grounds that in 
some patients the compensation motive plays a leading role in the 
production and persistence of symptoms, and that in these cases a 
lump sum settlement is the best and usually the only therapy. In 
opposition to Naegeli and others, they do not feel that the compensation 
neuroses constitute the majority or even a large percentage of post- 
traumatic functional disorders. In common with Strauss and Savitsky*” 
and Wechsler they reserve the term traumatic neurosis for a specific 
and infrequent syndrome first described by Horn®’ under the name of 
Schreckneurose, and subsequently discussed by Bernhard,** Libman,” 
and Sperling.’ It is typical that it occurs only following a serious 
threat to life in such a situation that the patient has time to be aware 
of and terrorized by the impending disaster; accordingly it is frequent 
in war and earthquakes, and is seen occasionally in mining catastrophes 
and sea disasters, but almost never in the ordinary industrial and auto- 
mobile accidents. Clinically the symptoms are usually those of an 
anxiety state, with particularly characteristic dreams in which the 
patient relives the traumatic situation. Unless complicated by secon- 
dary hysterical symptoms the condition tends to clear up spontaneously. 
The psychopathologic mechanisms differ from those in true hysteria, 
but are not fully understood as yet (Kardiner" and Fenichel*’). 

In a recent article Sands” classifies these syndromes in an analogous 
manner, namely as post-traumatic constitution, traumatic neurosis, 
traumatic hysteria, and malingering, but uses the term traumatic 
neurosis to apply to individuals who have recovered from a brain injury, 
frequently of the cerebral concussion type, and who do not show any 
neurologic or encephalographic signs, and yet show definite personality 
changes in the form of irritability, brooding, dizziness, and so forth. 
He reserves the term post-traumatic constitution for cases showing 
definite neurologic or encephalographic changes. In the same article 
this author presents an excellent study of brain changes due to head 
trauma. He finds that the post-traumatic sequele are due to loss of 
brain tissue, meningo-cortical adhesions, cicatricial contraction, col- 
lections of fluid in the meninges and interference with proper cerebro- 
spinal fluid and lymphatic circulation. He advances evidence that 
significant brain injuries may occur without loss of consciousness. 

Blau** has recently presented an exhaustive survey of post-traumatic 
behavior disorders in children. The author finds, in agreement with 
Strecker and Ebaugh*®® and Kasanin,*® a marked similarity between 
these conditions and the postencephalitic behavior disorders. Typical 
are overactivity, restlessness, destructiveness, impulsiveness, assault- 
iveness, cruelty to animals, emotional instability, temper tantrums, 
truancy and delinquency. The prognosis in most cases Was poor. The 
formal intellectual faculties were relatively well retained. 
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The therapy of the conditions under consideration requires little 
special mention. All contributors are agreed that the majority of post- 
traumatic psychoneuroses should be treated by exactly the same 
methods as in the usual non-traumatic cases. Compensation neuroses 
are always benefited by a lump sum settlement. The traumatic or 
terror neuroses tend to clear up spontaneously. The treatment of 
traumatic encephalopathy must be primarily palliative. Penfield*' has 
relieved post-traumatic headaches through encephalography. 

The possibilities of the prevention of post-traumatic psychoneuroses 
has aroused interest in recent years. Dershimer® comments on the 
work at the Fisher Body Company at Cleveland, where practically no 
psychoneurotic states have developed following the employment of a 
psychiatrist. The principal method of prevention is through the dis- 
semination of knowledge concerning the causes of the psychoneuroses 
to employers and employees. FRANKLIN G. Esaucu, M.D. 


REFERENCES. 
1. Johnson, G Am. J. Men. Scr., 188, S65, 1934. 


2. Ebaugh, F. G., and Benjamin, J. D.: The Etiological Réle of Trauma in 
Mental Disorders, in Trauma and Disease, edited by L. Brahdy and 8. Kahn (in press). 
3. Strauss, I., and Savitsky, N. a) Arch. Neurol. and Psychiat., 19, 893, 1934; 


(h) Am. J. Psychiat., 91, 189, 1954 
4. Wechsler, I. 5 J. Am. Med. Assn., 104, 519, 1935. 
5. Martland, Ibid., 91, 1105, 192s. 


(. Foerster, O., and Penfield, W Brain, 53, 99, 1930. 

7. Bielschowsky, P. Ztschr. f. d. ges. Neurol. u. Psychiat., 117, 55, 192s. 

S. Rand, C. W., and Courville, C. B. Arch. Neurol. and Psychiat., 31, 527, 1934. 
9, Friedman, FE. D.: Ibid., 27, 791, 1932. 


10. Brun, R.: Sehweiz. Ztschr. f. Unfallmed., 24, 280, 1930. 

11. Kardiner, A.: The Bio-analysis of the Epileptic Reaction, New York, The 
Psychoanalytical Quarterly Press, 1932. 

12. Kennedy, F. Arch. Neurol. and Psychiat., 27, 811, 1932. 

13. Hall, G. W., and Mackay, R. P.: J. Am. Med. Assn., 102, 510, 1934. 

14. Monokow, C. v. in Riese, loc. cit. 

15. Naegeli, O.: Unfalls- und Begehrungsneurosen, Stuttgart, F. Enke, 1917. 

16. Riese, W.: Die Unfallneurose als Problem der Gegenwartsmedizin, Stuttgart- 
Zurich, Hippokrates Verlag, 1929. 

17. Ritter, A.: Ztschr. f. d. ges. Neurol. u. Psychiat., 80, 29, 1922. 

18. Rosenstein, L. In Riese, loc. cit. 

19. Schaller, W., and Somers, M. R.: J. Am. Med. Assn., 93, 967, 1929. 

20. Sperling, O.: In Riese, loc. cit. 

21. Foerster, O.: Ztschr. f. d. ges. Neurol. u. Psychiat., 94, 512, 1925. 

22. Oberholzer, E.: Ibid., 136, 596, 1951. 

3. Horn, P.: Ibid., 34, 206, 1916. 
4. Bernhard, H.: Monatschr. f. Unfallheilk., 35, 249, 1928. 
5. Libman, J.: Jur Pathogenese und Beurteilung der Schreckneurose, Disser- 
tation, Basel, 1929. 

26. Fenichel, O.: Outline of Clinical Psychoanalysis, 124, New York, Psycho- 
analytical Quarterly Press, and W. W. Norton & Co., 1934. 

27. Sands, I. J.: Am. J. Psychiat., 92, 771, 1936. 

28. Blau, A.: Arch. Neurol. and Psychiat., 35, 723, 1936. 

29. Strecker, E. A., and Ebaugh, F. G.: ITbid., 12, 443, 1924. 

30. Kasanin, J.: J. Nerv. and Ment. Dis., 69, 385, 1929. 

31. Penfield, Wilder: Surg., Gynec. and Obst., 45, 747, 1927. 

32. Dershimer, F. W.: J. Indust. Hyg., 16, 40, 1934. 

vou. 191, No. 6.—suNE, 1936 30 


to to to 


Ve 
# 
4 
Z 
he 
4 
mele 
3 


PROGRESS OF MEDICAL SCIENCE 


OTO-RHINO-LARYNGOLOGY 


UNDER THE CHARGE OF 


JOSEPH C. BECK, M.D., 
ASSOCIATE PROFESSOR EMERITUS, DEPARTMENT OF OTO-LARYNGOLOGY, UNIVERSITY 
OF ILLINOIS MEDICAL SCHOOL, 


AND 


M. REESE GUTTMAN, M.D., 
INSTRUCTOR, DEPARTMENT OF OTO-LARYNGOLOGY, UNIVERSITY OF ILLINOIS 
MEDICAL SCHOOL, 


PROGRESS IN RHINOLOGIC ASPECTS OF ALLERGIC DISEASE 
WITH ESPECIAL REFERENCE TO IONIZATION. 


THereE has been a continuous and increasing appreciation of the 
role of allergy in the production and maintenance of otolaryngologic 
disease. This is reflected not only in the literature of the specialty 
but also in the diminishing attack upon the interior of the nose and 
paranasal sinuses. The incidence of ailergy in otolaryngologic practice 
is higher than what is usually believed. Baum! reviewed a series of 
2000 patients and found some 700 with nasal difficulty, 191 (27°7) of 
which were allergic. Thus practically 1 out of every 4 patients in the 
otolaryngologists’ office that has chronic nasal difficulty is allergic. 
Furthermore, if one considers the ratio of these allergic cases to the 
total number of patients studied (2000) one finds that 9.5% of all 
patients with a chronic complaint that seek aid of the otolaryngologist, 
or about | in every 10, are definitely allergic. A similar review of L000 
cases by Hansel’ disclosed 142 cases of allergic disease in 324 patients 
with nasal disorder. Here about 40° or 2 in every 5 cases of nasal 
disease, are allergic and about 14°% or 1 in every 7 patients routinely 
seen in practice, exhibits allergic phenomena. Undoubtedly if one 
considered acute illnesses, the percentages would be definitely reduced, 
but still of major importance. Kuhn, in a discussion of Vaughn’s* 
paper, reported similar figures. It is obvious that the high incidence 
of allergic disease in routine otolaryngologic practice should be borne 
in mind, and this disorder must be considered whenever confronted by 
nasal symptomatology. 

There have appeared a fair number of contributions’ * dealing with 
the general subject of nasal allergy and having as their main theme the 
frequency that allergy is encountered; the importance of considering 
it as a possibility in the differential diagnosis of nasal disease; the 
marked aid in diagnosis that is afforded by cytologic examination of 
the secretion; and the importance of proper diagnosis of the etiologic 
allergic factor. Many, further, dwell upon the futility of intranasal 
surgery except as a means of promoting drainage in secondary suppura- 
tion or relieving nasal obstruction. Watkins’ especially calls attention 
to the fact that even multiple surgical operations frequently fail to 
give relief in allergic individuals except when infection with retention 


866 
| 
| 


OTO-RHINO-LARYNGOLOGY S67 


is present as a complicating factor, and points to the frequent disappear- 
ance of polypi after proper allergic therapy. 

As an aid in differentiating infectious from allergic nasal and para- 
nasal sinus disease, the work of Bulrmester'® must receive considera- 
tion. He found that in allergic disease the nasal secretions had a higher 
water content, averaging about 977 as compared to 9007 found in infec- 
tious disease. As a consequence the total solids were 3°; in allergic 
disease and 10°) in infectious disease. There is present about three 
times as much total solids in infectious exudate as there is in allergic 
secretion. The protein content varied from 0.217 to 3.82% in allergic 
secretions as compared to the 3.45¢;% to 16.23; found in infectious 
exudates. Similar figures have been reported by Mittermaier.'' The 
ash in the total solids was much higher in the allergic secretions than 
in infectious exudate. The calcium was higher in infectious disease 
as compared to allergic disease averaging 11°) and 9° respectively. 
The allergic secretions were found to have a higher pH or become 
more alkalin than the infectious exudates. 

As an aid to the diagnosis of allergic disease, an intramucosal test 
similar to intradermal tests was described by Dean, Linton and Linton.” 
Appropri: ite extracts were either injected or applied to scratches made 
in the mucous membrane of the anterior end of the inferior turbinal. 
A positive reaction consisting of swelling, edema or even a wheal, would 
appear within 30 minutes, although a delayed reaction was also noted. 
In some instances, a positive intranasal mucosal reaction was obtained 
when the dermal test was negative. 

Non-specific methods of treatunyg nasal allergy continue to receive 
attention. Palmer’ describes the effect of treating the nasal mucosa 
with phenol in 30 cases of nasal allergy and noted definite improvement 
in SOC. Histologic study of the mucosa after treatment disclosed 
an increase in the fibrosis with a decrease in the vascularity and edema 
of the tissue. Bernheimer'! reported on the final results in 40 patients 
treated 3 vears prior by Cutler and himself by the use of radium placed 
within the nose. He found 47°; symptom-free, 22°; had some sneezing, 
but no obstruction or rhinorrhea, 8°; moderately comfortable, and 236 
with little or no relief. There was no success in similar treatment of 
12 patients afflicted with seasonal hay fever. By far the most import- 
ant contribution to the literature dealt with the subject of ionization 
in the treatment of allergic disease. There were many contributions 
on the subject, dealing not only with the technique, but also with 
the histologic effects upon the nasal mucosa. Intranasal ionization, 
more properly called iontophoresis, has been brought to the attention 
of rhinologists and allergists as a worthwhile means of therapy in 
those cases in which specific immunization is difficult to effect or 
undesirable. — lontophoresis consists in the introduction of medical 
ions into the tissue by means of the galvanic current. It is nothing 
new, having been utilized over 30 vears ago. Drugs or chemicals 
are forced into tissue by virtue of the fact that an aqueous solution 
of the drug or chemical contains a number of positively and nega- 
tively charged ions arising from the dissociation of the substance when 
placed into solution. If a constant direct or galvanic current is per- 
mitted to flow through the solution, the attraction of unlike charges 
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will cause the positively charged ions to move and collect at the nega- 
tive pole and the negatively charged ions to move and collect at the 
positive pole. For example, a solution of sodium chlorid will have 
freely disassociated positive sodium ions and negatively charged chlorid 
ions. Upon being subjected to the galvanic current the sodium ions 
being positively charged will collect at the negative pole and the 
chlorid ions at the positive. By taking advantage of the migration of 
ions, heavy metals such as zine, tin and cadmium have been utilized in 
therapeusis. Whether or not heavy metals are actually deposited in 
the tissues is still open to question. Lierle and Sage," in a study of 
zine ionization in the treatment of otorrhea, were unable to demon- 
strate that the zine was actually deposited in the tissues of laboratory 
animals used in their experiment. Wenner,'® on the other hand, was 
unable to demonstrate by means of chemical methods that zine was 
deposited in the skin and cartilage of the ear of a rabbit. The source 
of the current utilized in the procedure may be batteries, which give a 
pure constant current. MeFarland'’ described an inexpensive set that 
might be built. The source may also be from a rectifying circuit 
utilizing commercial current or it might be derived from various types 
of motor generator sets. In the use of motor generator and rectifying 
equipment it is essential that a smooth non-pulsating current be 
obtained. Warwick,'> who originally aroused interest in this method 
of treatment in this country, advised that his special type of generator, 
together with a special electrode and a special electrolyte, were neces- 
sary for success. The composition of the electrode and the electrolyte 
were kept secret for a time. However, the informed opinion today holds 
that the special generator electrode and electrolyte are not essential 
to success. Any source of smooth galvanic current, ordinary zine 
solution, and an ordinary zine electrode will be effective.'*: *": *! 

Technique. The technique as ordinarily employed consists in pre- 
liminary cocainization of the nasal mucosa. Gauze strips saturated in 
a 2% solution of zine sulphate are packed into the nasal chambers. 
By means of a zine electrode the gauze is connected to the positive 
terminal of a galvanic supply. The negative terminal is connected to 
a large sponge electrode placed over the arm or other suitable portion 
of the body. The current is slowly turned on and increased until the 
milliameter reads 10. This amount of current is permitted to act for 
15 minutes and the current is then gradually decreased and shut off. 
Hollender™ has described a new head band type of electrode that is 
sasy of application and adjustment. Cottle! advises the use of a 
2% zine sulphate in 5% tragacanth jelly introduced into the nasal 
‘avities by means of a syringe instead of packing with gauze strips. 
There is some objection to the use of the jelly in that it spreads to the 
upper portions of the nose so as to affect the Schneiderian membrane 
with the possibility of a resulting anosmia, which has occurred. At 
termination of the treatment the mucous membrane will be found 
to have been coated with a gray membrane. On the following days the 
nose is obstructed with a fibrinous jelly-like exudate which persists 
from 3 days to 1 week. The membrane should be permitted to be 
extruded spontaneously. 
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Tissue Changes in Iontophoresis. ‘There is an increasing amount of 
study upon the effect of iontophoresis upon the treated tissue. There, 
however, is as vet no ce rtain agreement as to the amount and per- 
manence of tissue change subjected to ionization. Hollender and 
Gorin® find that there is an initial destruction of the surface epithelium 
with subsequent regeneration. The regenerated mucosa appears first 
as a squamous epithelium and then gradually assumes a pseudo-strati- 
fied structure within a period of 8 months. The cilia, however, remain 
absent while the subepithelial stroma tends to become more dense and 
infiltrated with lymphocytes that may persist for a much longer period 
of time. In but one section were they able to observe changes in the 
mucous glands. McMahon” stated that in the frontal sinuses and nose 
of dogs subjected to experimental ionization there appeared immedi- 
ately after the treatment fragmentation of individual and large groups 
of cells and an infiltration of round cells from the surface down into 
the subepithelial structures. There was also apparent some separation 
of the tissue from the underlying periosteum in places. There was a 
return, however, within a period of 7 weeks of the epithelium to normal. 
Fibrosis of the subepithelial tissues became more noticeable as the 
animals were killed in increasing intervals from 18 hours to 7 weeks 
following the iontophoresis. In a report® made by the same investi- 
rator in a previous year there was found extensive immediate effects 
that were definitely destructive, in the nature of ballooning, fragmen- 
tation and loss of the surface epithelium associated with edema and 
partial disintegration of the subepithelial tissues as well as hemorrhagic 
extravasation from dilated and ruptured capillaries. In an extensive 
study of the regeneration of the nasal mucosa subjected to various 
insults, Boling” found that ionization destroyed the epithelium and 
produced leukocytosis and hyperemia; but had no noticeable effect 
upon the regeneration of the mucosa. The epithelium and glandular 
ducts regenerated from the basal cells and epithelial fragments left 
after the treatment. He also found that repeated ionization had no 
noticeable destructive effect upon the epithelium which regenerated 
from a previous ionization, 

Smit,”’ in a similar study, found that immediately after ionization there 
occurred an acute inflammatory process with coagulation necrosis, 
sloughing of the epithelium, dilatation of the bloodvessels and neutro- 
phil infiltration. These changes form an exudate membrane in the 
nose which also contains the sloughed epithelium. As the acute process 
subsides, the neutrophils are replaced by round cells which persist as 
long as there is any irritative process present. The denuded mucosa 
later becomes covered by stratified squamous epithelium. A return of 
normal ciliated epithelium was found to occur in guinea pigs 6 weeks 
following ionization and in one human biopsy | year after treatment. 
The bloodvessel walls show thickening while the glands and their ducts 
may evidence atrophy and metaplasia. As the reparative process 
continues, the submucosa becomes infiltrated with fibroblasts which 
are later converted to fibrous tissue. The contraction of the fibrous 
tissue may cause collapse of the venous spaces and retraction of the 
turbinates. New glands may appear by the ingrowth of epithelium. 
Cartilaginous necrosis may also occur. From these studies it is obvious 
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that extensive destruction of tissue is possible by this means of treat- 
ment. It is also apparent that there is tremendous regenerative power 
inherent in the nasal mucosa. The mucosal epithelium apparently has 
a tendency to return to normal, but the subepithelial fibrosis apparently 
persists for a long period of time and in addition there may be more or 
less atrophic changes in the glands. 

From the clinical point of view the persistence of a fibrotic condition 
of the mucosa may not be without deleterious effects upon the patient. 
A contractile fibrous tissue change might well lead to ultimate decrease 
of blood supply and glandular atrophy. In addition late effects upon 
the nerves may eventuate in such unpleasant sequele as neuritis and 
anosmia, Which have been observed in some instances. In all prob- 
ability the intensity and extent of these tissue changes will be found to 
vary with the strength of the treatment that is administered. The 
problem is so to select the quality of the treatment as to effect the 
desired clinical relief without producing the progressive and irreversible 
histologic changes that might lead to disagreeable sequel. 

The mechanism whereby relief is obtained following ionization has 
been the object of considerable speculation. Alexander®> believes that 
a local non-specific desensitization occurs similar to that obtained by 
the use of various chemicals, diathermy, and electric cautery. The 
nasal mucosa has been found to be non-reacting for a period of time. 
However, the non-infrequent relief obtained by only treating one side 
might suggest a general non-specific desensitization such as is observed 
by the use of proteins or vaccines. That this may be a possibility is 
demonstrated by Chatjutin,” who was able to relieve nasal allergy by 
calcium ionization applied to the skin of the shoulder. Dean and his 
co-workers” noted many instances of positive reaction in the nasal 
mucosa to negative after ionization. Operative procedures within 
the nose had no effect in changing the reactivity of the nasal mucosa. 
Alexander? found that after ionization the topical application of a 
reagin caused little or no effect, in marked contrast to the effect prior 
to the treatment. Those patients in whom poor or no results were 
obtained by the therapy reacted within a short time to testing with 
reagins. However, the iontophoresis had no effect upon the presence 
of reagins in the blood nor upon the skin reactions. 

The results in this type of therapy are varied. Warwick'* reported 
practically 100° benefit in 40 cases, most of which were hay fever. 
Alden, in 1933,°° relieved all of 19 patients suffering from autumnal 
fever by treating them during the attack. Nine had no recurrence 
during the following season, S had mild symptoms that were insufficient 
to cause them to seek aid and 2 had a marked recurrence. He also 
treated 41 patients in 1934 prior to the onset of the symptoms with 
protection to about half. Franklin®! was able to render 50°% of his 
hay fever patients and 60° of his hyperesthetic rhinitis cases free 
irom symptoms by means of iontophoresis. Hollender® secured similar 
relief in about 50% of his cases. Hurd*’ states that in eases of hay 
fever his percentage of good results have been high and that 70% of 
his cases of hyperesthetic rhinitis have been rendered symptom-free. 
He, however, gives no table of statistics beyond the statement noted. 
Ramirez® was unable to obtain any noteworthy relief in 100 cases of 
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hay fever treated by ionization. On the other hand, 25 cases of vaso- 
motor rhinitis experienced relief in the majority of cases. House and 
Gay® studied this form of treatment in 20 cases. In 5 non-allergic 
patients 3 were improved, | unimproved and 1 made worse. In 15 
allergic patients but 3 were improved, 7 were unimproved and 5 were 
worse. They concluded that ionization was not worthy of consideration 
in allergic cases. Alden** compiled the results of a number of observers. 
A total of 700 cases was tabulated. In 416 cases of uncomplicated 
hay fever, complete relief was obtained in 63% and total failure in but 
S°%. Ina group of 27 patients with asthma, 37°% were relieved. In 
73 patients with allergic rhinitis complete relief was afforded in 47°. 
Tobey® stated that desensitization was the method of choice although 
ionization can control the symptoms if instituted after the onset of 
the attack. It is apparent that ionization is a useful addition to the 
therapeutic armamentarium. It is also apparent that its exact sphere 
of utility has not as yet been definitely determined. 

Our own experience in the last 2 years has definitely impressed us 
with the symptomatic relief that may be obtained in about 75°% of 
the cases of hyperesthetic rhinitis that have come under our observa- 
tion. One may not speak of ionization as a cure for this disorder; but 
the prolonged palliation that may be obtained certainly bespeaks its 
usefulness. In hay fever our experience has not been so striking. 
In but few of our cases, treated prior to the onset of the symptoms, 
were definitely discernible results obtained. Some better results were 
manifested in its utilization after symptoms had appeared. Here a 
few patients were rendered symptom-free; a larger number showed 
definite amelioration, while the greatest majority experienced little or 
no relief. lonization must at the present time be viewed as a valuable 
adjunct to other accepted methods of treating hyperesthetic rhinitis 
and to a lesser degree hay fever. 

JoserpH C. Beck, M.D., 
M. Reese Gurrman, M.D. 
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Studies of the Pituitary of Thyroidectomized Rats. Iso_pre T. 
ZECKWER (Laboratory of Pathology, University of Pennsylvania). 
When thyroidectomy is performed in young immature rats, histologic 
changes occur in the pituitary which have been discussed elsewhere. 
“Thyroidectomy cells’’ occur which consist of cells containing a large 
amount of hyalin material. Acidophils are decreased in number. 
Cretin rat pituitaries contain an abundance of thyrotropic hormone, 
but when injected into guinea-pigs do not cause as great an increase 
in absolute weight of the guinea-pig thyroid as do normal rat pituitaries. 
However, the dwarfed cretin rat has available for each gram of its body 
weight a little more hormone than the normal rat. 

The “thyroidectomy cells”’ are not castration cells, because the cell 
granules are different, and because they occur in abundance in pitui- 
taries of male rats in which gonad atrophy has not occurred. 

Collin and Hennequin (Compt. rend. Soc. de biol., 121, 81, 1936) 
have reported that stimulation of the cervical sympathetic nerve in 
rabbits causes an increase in the acidophil granules in the pituitary, 
while excision of the superior cervical ganglion causes rapid and nearly 
complete loss of acidophil granules. Until experiments have been 
completed to determine whether injury to sympathetics could be a 
factor in our experiments, interpretation that the decrease in acidophils 
in cretin rats’ pituitaries may account for the stunting of kidney growth 
and body weight will be regarded as only tentative. 

The changes in proportion of cell types in the cretin rat pituitary 
do not prevent the growth of adrenals and gonads in the male. 

The present experiments concern only rats. There are apparently 
species differences in the reaction of the pituitary to thyroidectomy. 


Experimental Efforts to Detect Secretion of Inulin by the Tubule 
of the Mammalian Kidney.—P. A. Borv, B. B. and A. N. 
Ricuarps (Laboratory of Pharmacology, University of Pennsylvania). 
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Earlier work by the authors, by Smith and Shannon and by Van Slyke 
and collaborators has furnished basis for the belief that inulin, injected 
intravenously into mammals, is excreted by the kidney solely by glo- 
merular filtration. Further evidence concerning the possibility that 
inulin is in part secreted by the mammalian tubule was desired. In a 
variety of experiments with dogs and rabbits, inulin was added to blood 
which flowed through the renal vessels at pressures low enough to pre- 
vent glomerular filtration. After varied intervals normal blood con- 
taining no inulin was substituted at high pressure and a specimen of 
urine collected. Only traces of inulin were found in it. In every experi- 
ment to the inulin-blood was also added one of those substances which 
are now believed to be secreted into the urine by the tubule (phenol 
red, neutral red or diodrast). Each of these was found in the urine in 
relatively large amounts. Hence under conditions which permit tubular 
secretion of phenol red and other substances, inulin is not secreted by 
the mammalian tubule. 


On the Nature of Intestinal Absorption of Amino Acids. -Rtupo.r 
Hower and Joseruine Hower (Laboratory of Physiology, University 
of Pennsylvania). By a number of investigations it has been established 
that a good many organic substances—provided that they are lipoid- 
insoluble —enter cells and tissues the more rapidly, the smaller the 
volume of their molecules (m.v.). An interesting exception to this rule 
has been disclosed in comparing the entrance of amino acids into 
physiologic structures with that of other solutes of similar molecular 
volume. It appeared that the amino acids pass through the surface of 
cells and tissues, ¢. g., the surface of red cells or of muscles, with 
remarkable slowness. 

This striking behavior can be explained on a purely physicochemical 
basis. Experiments on the diffusion of a number of organic substances 
across collodion membranes have shown that the amino acids similarly 
penetrate these artificial membranes at a slower rate than would be 
concluded from their molecular size. The reason is that the “zwitter- 
ions” of the amino acids are strong electric dipoles, which, exerting a 
pull on the surrounding water dipoles, form a water shell preventing 
them from moving at the expected higher rate. 

Then we became aware of still another irregular behavior of the amino 
acids when we studied their penetration of the intestinal wall of the 
rat. However, here the observed rates of absorption have not been 
found to be too low, but, on the contrary, they are much higher than 
physicochemically demanded. For instance, in comparing the absorp- 
tion of some amids differing in their m.v., the intestine reveals the 
properties of an inert diffusion membrane, where penetration occurs 
parallel to the diffusibility of the solutes, ¢. g., succinamid m.v. 126, 
per cent absorbed 3; lactamid m.v. 98, per cent absorbed 52; acetamid 
m.v. 69, per cent absorbed 7S. 

The behavior of amino acids is strikingly different, e. g., the m.v. of 
alanin and malonamid seem to be nearly the same, 98 and 104, but, due 
to the shell of water dipoles, the effective volume of alanin is by far 
the greater. Consequently, one would expect the absorption rate of 
malonamid to surpass that of alanin. But the opposite is true: alanin 
per cent absorbed 59, malonamid 26. Or: succinamid m.v. 126, per 
cent absorbed 9, asparagin m.v. 134, per cent absorbed 46. 
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On the basis of these and other statements we arrive at the result 
that, as regards their intestinal absorption, the amino acids are privil- 
eged in a similar manner as, according to former experiences, some 
hexoses are. 


Absorption of Glucose from the Human Small Intestine. W. Os_er 
Appotr, W. G. Karr, and T. Grier MILLER (Gastro-intestinal Sec- 
tion of the Medical Clinic, Hospital of the University of Pennsylvania). 
In studying the absorption of simple sugars certain steps in the process 
have been neglected. One of these is the relationship between the con- 
centration of the glucose in the stomach and that in the intestine. Data 
are presented to show that, irrespective of the volume or the glucose 
concentration of the solution ingested, the concentrations found in the 
jejunum and ileum range from 0 to 5°). This confirms in man observa- 
tions previously made in animals. The fall in concentration between 
the gastric cardia and the jejunum has been studied by using two multi- 
lumened tubes through which sets of specimens could be simultaneously 
aspirated from five selected points in the stomach and duodenum at 
stated intervals. Analyses show a wide range of concentration at these 
points but rarely more than 5.49% of glucose in specimens from near 
the ligament of Treitz. Further data show that a very rapid inflow 
of fluid occurs from the walls of the stomach and duodenum. This in 
conjunction with the predominantly segmental rather than peristaltic 
action of the duodenum accounts for the sharp fall in concentration by 
which the small intestine, even as close as 30 to 40 em. from a stomach 
containing strongly hypertonic glucose, is provided with a relatively 
isotonic solution. Feeling from these studies that the normal glucose 
concentration of intestinal contents is below 5.4°% (isotonic), we made 
absorption studies in segments of jejunum and ileum isolated by dis- 
tended balloons. Placing 50 ce. volumes of 0.67 to 5.49% glucose solu- 
tions in these segments for 15-minute intervals, then emptying and wash- 
ing with saline, the amount of glucose absorbed could be determined. 
The results show that the amount of absorption increases with the 
concentration. 
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